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,<Lj J 4(j -1*1Oj^ <L»^L*S/I f.ljj*iJl p J b Cj Oj-PjJ ^jJ-ill f.1 >U i*XA 4_?r jli 

*S 

. Jj ill pjjdl AJLj (3 jl ^jj-Xllj t<Xy*JL*l)l i—3 j i. ., <fl 1 1 ♦JLoiT LOajI l*XA ^-Xj£ 01 

.yup <-^Ul g.L±u»l xjLSO^ *)L*15" Olj ajJjlJI y* I*xj jl oJJp ^ y& 

jLi>-i JU- <^1 JLp .o>LO?L)jJl <j OiJj-Xj ^ ULIj 131 yup <*_->lJl Jjl£ dJ-^c 

Olnjpri ja Vlll* 90 OlT 131 . JjSfl ^U! Jl JUxi'*! LLa l^br o^-T 131 c^ vUJl 

#» #» 

Jl Ia~LP J.P C4>x-J>w? 4 j^ Villi 90 Jl 75 JLp c~U>- 131 . JaU- Uaxp 0 t U 
4 j j»S/l J^bjl ^Aj y* Jil JLp cJUa>- 131 .J-sAi JT 4 jU J jil oUU*i/^|l JjS/l — Jl 

. Jup ^Ul ^jJJ 01 *^1 OJ-lp U3 tc^l-Jl ^il^ <j 3 y>r jil jLl>-^lj &y>r jil — p> 

t> 

,^K ^ •* c-ili^Jl Ja ^*-^j 4jjj^0aJl o^l ji$il 0d j Od Ljj*Xj od3 0 j^*»ai 

Oi-53 jS' Ui 131 j .^Lj^iil X*J ^a oL-Mj jlli ^bjjdl ^Ld 4—0>l>^Jl oljl$il j^iaj Odx—c 01 c.—4 

.Ajjjliil i—3jAydl (_£ j X«»»»* jj\a*Xi <w*> lx^Jl l«.XA 0»>l w* ljjil ^jl— m-^ 0d^ i— 3j>«X> . Od^-Aj 

*olJl>txV^I aJLu-Ij co>IjLi>-NIj caJujJI aj>- jil oUI>iXa^/I jji^Jl JLp ^Ix^Jl lij^ ^j; — £ 

4j\ji (j j>vA* j*rJ- 4 0U*i*l “X>^Ji .4-^LiJl o!jLi>-^I 5JLl<-S| 4_40i^» ^Aj 0->ljLii“! d^JXL* 4 JLl— S/1 fl-XA 
flwXA ^UXaJ ^ J^a.o.11 { yX j Jl (yyu 01 ijAJ U.J . 'o-jliL* ajj>rjil oUL>iX>Nl . J-s^ J J S" 

Jl Alj^Sfl 4>JN Japlj dJbJ^l ^1 jil OU^NI ^ CiAUr JUl J& UJLX^P .oUU^^I 

4jLi (J Aj j>-S|I .4iL?lii-l 4jjArS/l OJJawj <PJJ ^ ^jSvJj OJjJjJL^? C^jJ J 

P 

.O^jJhfc^aJl 4 j J>“S/l ^ ,1aW/> JLp J-mO^- JvajiU Lij"^ ^Jjl 

Jju OljUU iJiXL* jLx>-l -X>rjJ . jA~P (—->>LJ| Jjlj 4-—*sOj <—*>ljjl 4 j^>\j J| Cj^ll^Jl IJlA p——%A j jPt 

SjArjil oUl>iJL*Nl -Xaj j 4yftiljil <—->l y y] OJjljil J—P oljLl^-Nl fi-XA r ai J r 4 jLi 

S/I .Cj^IjjS/I oljLl^l ^uXflJ JLP L ya-Jl Jl -Xaj JaaLaV c^IjjS/I OljLl>-l . J ya. _ftJb 4_v^ljLl 

4aXa1I 4j!t*xJl . 4)3 r *.;ll LlOaill ^ JLj OJd* i—.llaiT *)j j idjPr jil oUl>^*Nl aJLLw-I 4j yUiP 4jfjJL) C.,«> ^1 

4jLi ^ 4jjArS/l 01 iSft "I ®j' 4 ^J^j 01 ^A 


J^l J^-c«j 0 » /? L) J ^Jp {£ ^ ^i** , “S/l .4—*>*lj»xil dj j-Xll dwXA 4 j U ^ 0i>»-X*l JL>rjJ 

jlill j JJ^l vWJl t JLp OU^NI ^j^ .5^>1 oUUia^I <Lt—J t> —- 

C<wM jjS/ 1 OljLx>-t ^C-Xa.) Jajj 4<-^IjjS/' l/* i^^XP 0l>^Nl IJlA .(jJli_Jlj 

. I>t_y>w5 4j j?rS/l ^V 4 4jiiij 75 015" I3J 4aXAa <^lJl 0j5sj . jil Jjyatfll oUl>iJX»l 



J Or*-2Jj t^l^ jS|I oljLl^-l AjJn-^I-J iljy4 (.iJjjJ 

Jj Ja\\ o~L£ 4 j j> JLzJ ^ . L^J-P Ajl*-^ ^ oUa>-l ^Jl Ol Uji U^ oj_ 

^^JLp ^jJ«X jlp ti^iJh£ x .o 1 ^1 l^i« ll ^ ^^* 

.<Jytll tjJujJJ ^ tJutvaJlj o jjflJl 4j£?rl jS jl 

x> o 

Va* « /> > . A-ilS"" t3 ^ apL^ A-w-Iji *)\ A*2.t « t o^ ^^ ..tAi 

( ^+£jUm .oj oLi .IJL>r 1 iLjfl j J .SiliV 1x5j i_fJL-^jaJ iaPl ^i»tJL^<ij ^1 p 

^ OjI^Lp ^jjP ^3 colx^Jj l* Ajl^L> A**»ij*Ajl 0 j^*aJ1 Aj3j j 1^11 0Jk_£ 

.pjb r jaS"" 4~*‘£-* w ol A^*wljjJl 0-XJ» ^.iJLL^I J-LP 


.4^1.5:.«U oljt-W?^l i ol>l^x5^/b 


'J> 


**>r 0 VjL—» 
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AjluSMj j 

djLi^f ^Vl <w—*A>-i j& ^glp l£ j*£~ Aj^Lj Sjb-— p* ^ k A— 

j\ 4 ~*j» A-*_i l3jU& AityvtaJi .oljL-sil 6jL£*y <wJbM j Cjjfailj 

.©U^lj aL^ iaJi : jc*5"^ ^jh ^LicJuJl . aJL*«p aJLmw^ ^i- 

L* JS" 01 .S$lit djj* (J c3^ 0^ ^* 5 {U* ^ l/*-^ bp^ OVij .^l^JjiJl J Ax^V^ 4^y*a. Hj 

jtJaJl aJI 


l_ 3sJjjf ajljc* oL*iT) c~> 4 (^ ^ijlpl) 0%*ui ^Ip £m,oJ}j O^bil ^y£ 0 

A^b-^bl obL**H ^5\-C jjP .MUpl J **j 0>ljbp^ O’V jy*iZu* 

^JjSlJL^J <J,I £Jc5-»-w«jiJlj tujJJi j Q ij . Ax^aJl jS Atai*il £ 4—^*bj) 
AJtlill t A^S/' tA^^jlp^iil 5" tOL^-S/l (j 


V*^siaJl 0jLj*L U1 ^ J^ai\ jLj .(-) £ojl£b £JuXj •( + ) Ojtwb 

^J-iX {£j£. . j->-^ jij jil ^ (^) 45 jbAi£, U&^» jdJ Ua> 

* > * 

^ylA J^lxil AjbSy CUj^ j£\ j! to'iloJp jl J y>C^^ cO^bUil 

L^i f^*'**^^ 0b.i» fi^*£»b* aI?^juj a>*~wwjjO . L^jwj L $^ 0^3 


O^^j C-^t d^lA«li o^jL*Ji Jol>~ <u—I p ^j^*««. ,,a.11 ^ bft,>„.^ 

cii ^^) W UX- <3 (jT ^lill) A-Jp ^ip-S^ (3 jV j fl . ^J ^; { j***» .. 

Oj-aU JWJ ^JJij Aj2jA- 4-ii AjIi^j APbj <?l^Sj 



hu*\yi : yp uUi 


2+3 

LA l)LJ*I 

4-7 

A*jji 

(2X5) y 2 x 5 

l—** - L_^ jbj| 

2x 

X jDl 

2(x + 4) 

(X+4) l)LjI 

2Jx 

X jLt k* j— JL* jtjl 

2/(x + 4) 

(x+ 4) (J-c- jl* OU 

3 4 

ajvJ 3 y 

4 

X 

1 

<X jt ay X 

(x + 3) 4 

AXjt ay (x +J) 


4lljMjW CliV^lxAfl <jIsJL4 

lit . il.Lpl p -Oai 

yS- ^\ C-'N-iLait yu uJLfr 


3 = 3 


3 + 5 = 4 + 4 
1,000,000= 10 6 
- (- 20 ) = 20 

ji iJ*lji+j a! ajLil ^ j£\ jS- j*-)I G-ij ^ (J j. -' 

viJUi t Js- ili»i tX*j ,j£'\ 

3 +5 = 4 + 4 = 10-2 

1,000,000 = 1,000 x 1,000 = 10 3 x 10 3 = 10 6 

-(-20) = -1 x (-20) = 20 

. i Lj j g - -; G. £4>«=»w’ UjUl ON ^ £tja)jll ^ 4 

Jaii a 4 a G£g . jl+pt ^S- (_5 y£j o>N o>NjU11 Jaiu (Jy. t- 

^31 jfl ll Of 4-].}L*ll l) ^yaju (3 G- J ')t y>GX\ a-Li Gj&j L*JLP 

*-La > y y >*Sl* ^^ll oMiUil it jPJU ®4a .iZaVjf 

x + 5 = 8 
x = 2y + 3 



Adityj c^aJlj rjjty J-flfl)' 


x + y + z = 0 
x 4 = y 5 
y = 3x - 5 
x 2 + 2x + 1 = 0 

* * 

. 4j JU^S/I <—4 S'y*£; 4jLA £jij 4-IjL* j£~. djlp 

aJJ yJ\ yjt b* J,l jytUj p_pb yaj lyrj f*XP JU <j o'b/^wdlj C-jIyJ' Oii ^yC. J, j 

* 0 

.L-Xj^S/I ^S'y (J^S/I *■ .fl«/3«ll j yj£~. djlp .4-^Lv*Jkl 

b j>p bl 299,792 bjyiJ c£jL-j ^Jlj) <J pj-baJt S\ ys~ c y £*biJl Jb—Ll 

c^bJl le J* y^\ JVsU .(LibJb ylb 1 *jp b> •>! 299,792,000j t^bib >>>lA 

.Ljy&2 .71828 c^iJlj 


4 hu rtjti £auaJt (jiaau 

dl^L*-»*Jki ll b 5 J y^xJL&^i' Ip.Aj _lL jl^il ^m»/y y> bj y~> L«jb ^* */s i l ^J§ ^y&j 

04 j J\j Ai^vaJi jp- jj-jcJI -Up ^il ^ . ^A 1 I eb*jW <j Aj-^L^Jl oljLaJl Jfi. — *j j l$*— 

, ob^^Jl (J^ bb *y Lu-^aJl a JLfl> ^ljb»w*>l jlSb* £_£jliJl c_J>yu 0*^1 y*^llj C-jI jiJl 

.(( 1 - 1 ) ^J^-lJl) ^j.jal.^ll 4>-b*w» jb£| 4^ v? 6 y Sisb-j £^ail j£S""l 

j .SjlpLaJI ^^Lp (jsyAs- b^UL* (jli^b) ^h£ hy ^(jb-S'b) Jjai^ ll Sj _pliJ 

:(4aj> 1 jb-S'b) A J.]a7. w li O-L-W* Lfejjp 

i 4 =6/1 

7TI-1 


,A A^boixj ih <1^1* ^LLjlj i.b Ifljl» Sjc-IL JjlrVuHrfi :(1-1) JUkfl 


<p 

SjpI# J^JaJ tAijf b /^\_J .((2-1) ^J^-iJl) (JuLiil 4^-b^* bJ LSbJb* LL—^ JL?rj " 

Ujjp .SjpLaJI ^1 S' (g^yA. p ^J^io L>*L 2 > (jbL«S/b) ^LLj^U h t(jb*Slb) _ll 

(Lu^1 jby^b) A Lulill a>U 



h*r\y ;yup <yL]l 



.A a^ 1 //? <1 _^L» ^Uu^lj tb l^JjJb a^c-LL ^Xt* :(2“1) 

A - bh/2 

JW djL—jl jf yiJ jjlj if^Jaiil iiL-ib <iLcii jL^\'l (jy»j U>-tl) 

'»jJb'kt 1 J>J-\ ,((3-1) j£^Jl) (U Ji> JU- (ollJL jti^L) 5 fcili ! 

«j.^ilij (jU«S/Ij) »jSaJI «j> ^ i jL—)t l^nlaii ^31 iiL-II LJ k<cu» 

O.-.0 

s 


< - > 

d 

/ syii s A^jIj Xg. d aA L.»> + ^jiTh i-i* ^Lc- :(3-|) 

d- St 

cj 1-L>-jj! <yly liiLL-Jl j*^aS\ { jy ITl^>»t ^ 

J AS-j —11 youuj t jLl^S|W L*Jb w>til—Ll JdjJ .l^Ja-Xf 

( _ r ^-C 4 tj^J .^J-aJIj d y' a-.^ jjLf ^ iSj* 1^) £—<!»HjLJ 1 i>-L-il ^w5 

j>ilil c_> y»J i^-jI tJtaol tiJDi < _Ija^f . OlJj>-jJl ®jLL A,. d ;1 \j Oyli Oj^j ^ : .,<?H ^Jj 

JjjaJJl <>ljfr 

jJ.1 V-i-i ~*-^yr‘'' u . A —U ii j*£. v__£ y iiil p>p\ .(1— 1) tjl 4-—>U ->— 1> 

j ^-Ji y JL>-1 jjl £JLl yll ^dJ ol ic-jl^rl 1J^ J y &>JJ ,£Jj Ll 

l ^l£- (1 — 1 ) J^iJl ij iAwajl AiX^f> Um^sJC 1 jj . -L»-ljjl ^ J>\ yil ^ Aju y y ] jSSO Jl j >■ 









j\za% J-ku-Ai ^UjM h JU>j> i(j\^%) dJL^li J b J& : Jb-Jl JSLt_J) 

(ajwL^>jJIj) ^4 o-L~* Ujlp j.dOpUll JLp ^ y\s- J$Liu L*bL* 

A.= 1,550 bh 

(£ jA. L*J»LP Lu ^ll L<? jJL O-L-Al k_j jo jl Jo j jJLil y J*\ ,(2“1) (J,) l£ j^l ft ^jfljl 

4-O-^Ji ^^ll ^JliLH 3 Aju J A+P 144 <X^r j .^AaJL APLLjIj ft^ipli Jj-j— -■*«^ 

LJbl! Suptf J jUyx b : Jbll JSCjJI JLp (2- I) j£-iJl j <pL^ ^Ul tu£c Jb!^j 
U-Up j. ojlpUJI ^JLp ^*Lp b>-bL* - ) bJbil ^U;^bjf h — 5j c(f J — aJL) 

‘^A(Lu^ ll <Utf jJb) ^4 C.J»tll 4 j>-L«w* 

^ = 144 bh/2 
= (144/2) bh 
= 72 bh 

JJlIj SjL^JI L^u»Jai ob*Al l_3 jS <jl x j blil yy\ ,(3 — 1) 3i iSy~\ ft y j- —1^1 

^J-Al Oy O^btll t—J 9jo <j\ Ci^Jlb ( Jui*jJ .<pL-J\j 3 ^ybJlj ^JuflJlj 4Pj—Jl ^jP j±jsS\ .L P 

^JLaJIj ^gjl CAPL-Jlj 3 i j-flJ 4-Jli]lj ^JJ ^Jj j>x2> .4-Jliilj 4C.1— ll. 

4<pLJL) ^Ab AP4^Ab 4ib«Al I 1 ^ yfl«■> 4-Ajl^L* LaJLP OjI-O-^JI C)j^.Z.. ** j .0.6818 
SjL-Jl d\ yy\ : JbJl JSAiJl J* ( 3 - 1 ) jSC^I 3 Lu-^l ^bT oUJ ^50: .apLJIj 

dj^j t i> j^2 .((3—1) ^^-Ij) ^j£*j+ a tjpij& (^^bilj ^JuiL) s ioL) as-j^j jw. j 

Ajl^s]\j 4w*^]l ftfjiaJi djb**Jl l ^^31 d 5jb-^ll La.Ajp ^.jg a++* .(apL**31j) a«*j 

d= 0.6818 st 

^5 kj^b<3^Jl ^-VP l-3 jo y& Orll^- L* 0 ] .dUJfc ^jyx2i\ ^*1 y J 

ftjjb jr[i ^yu Jj .4PLJI j ^JLPj J>~LPj <j oUjJt ^JU_Pj 4^ ill 

^Jl SSjJ! ^y j£\ ^*1 y ^'* r ~£'j j 1 •*** — .ajj oIjL**-.-^I 

.La ULajj 

* 

^bLJl jlp! ji y~y cJi^-i .LJta d y* L« ^jj ^ — c- o j~ ^ 

^p («L>uJl a1? L >wJ 40 ULJI Lb-* Ljjlla-* ^^-*3 

J^Lll .cjLjlxil ^ja ^j2\ l-U t \*jy ^^ y 

,<o\jjJi .ll ^Jj ycj a^p[^~ LioL»L ftJLpli k^LSsJl IJla LLS^ yj (3 

http://www.physics. nist.gov/Pubs/SP81 l/appenB8. html 

URL ^ LI .LJb jjzj URL jl y> ojti lj^S <j ^]l y c~X/ lil 

L?r^Jj^^lJlj A^,<,^.L1 £j*Jl A^xj W? 3| LAv 3 Or j 4^^^^! j P ^1 ^jl— 'l 



uUpbjil iuri y : yue cjlJl 


: Je^Ji JjLw g±\ j j (ATO7) 

http://www. nist.gov 

t p j A 1 1 ^Li ^*£^15^1 i— >jJl £>l y* ^j & <J jwcJl (Ji J> i- (^-iJl i— l-L LI 

L^! * O* jLaJI T~*} (<^->L^J1 l-X> (j OJx—>lj.5 -AJl A^c: —- 1( J Uj 

.%J1 


J Jjai« ^jVl 4 ^VJbu* 


Li £* j ^Jl jS^)l\ l L /*'^ Liij (j^V^Uil y*a~ ^s- yJrl j —*Jl c._*-j3 

s * * 

^^-Cj ^J^L/lC. IJL^Ij y y*SA Liu I J~y~!j (Jd y>«_L _Ll 

: JUl ^UJl J5LiX L^LT 

ax + b = 0 

* 

. i-Lu ^Jj*- LJL £^Jl I-La oV-^Ia^JJ O^^j .(J xj (L y* bj O l)J lL—>- 


XSjlA jX Li 

J^LiJl) p Lij (j^-Ul jOaM 4jL ^yLi^/ jJjJf (_aj yJ jt^ (3^**^ u—-^L 

■; a-\Aj .OJJ-L fL a L^ij U..„.‘Ui oJLL c.L>«jS/I 0 J>\ ^ .((4—1) 

.7ij (2 3^*JJ ^*-iyJi (22.55 j <*-7j <5y *0 ^aJlJo 

.^LajL \ .iJjtSl jA L* , — l 3 JjJJ ^»-j jJJr| 1*- t ^ajl-L| jS' 3-l*Jl JpL-Jj C—L] 

■iJLc- l_JL^« jjlp (_^l y j^~-- - . Ijl^S^ V ^ — 1 3-LaSI f _- L^* ^*~ a^.waj ajjLI ^-LJl 

jJLi-l OJ > jA-& y* jA-A 30aJI £j y jlj (Uajl tw*>- j> i-Lf' i-U- ^ ^ 

.(4-1) J5LiJl j £w?jil n --AU - a l_>j-L^ 0l5L (J 3 — 1 3*x*lJ 

< - II I 11 I IH II II I I I M -► 

-8 -6 -4 ‘2 0 2 4 6 8 

.^iLu La ^L. Jalij^ lx*_^jj AjijaaJI jl^Vl (J2 Lj L)^S *{4-l) 

0>a 4 ^^]aj jv*j ^Jlj c bJjJi <jL^Jl jfJ-£ ^Js' IJa (j oJli y*:.* 

(Jy>^ix, (3jS/l j-Ll o'V-^Iaa j iLjjl^I Oy <^^*JLI j yu OVI Lp^ Or^O * La^a_>- jJ^ 

4J1aVI (jlasu 

. Jj>~I j 3^Ljr. (3jS/l 4 jtj-lJI 4 J 3 L*-* ^LJl ^w-La!I 3*1 Or^L j; ~«~ 

<LjlJi 



Aitityj 


cx = d 
x = m/n 

J y^s. jjS/t *ii*Sn ya*; oi-A .n £ 0$ c-jly nj t/wj crfj tc OJ —>- 

4x-8 = 0 
-7t x = 22 
3ex = c 
x = n/c 

cU^Ja5 J,l oyljJl Ja-j^ 4_j JiC ^llj 4Jbj^iff ^jijJtlb Cj t£j c7t ^-Vj —*li «4—* <j 

ti^ 7t OjI yii V .y-Jyil> t«.Uaiil <j f.j^ai\ 4Pyj —*~Wl yty o-*- 

: JjcJ/ i£UP CL*jijdb ^PJu j 43y? ^IjlpI 

tt ^3.14159 
e ^2.71828 

4 

.oiJL>-jjl $<X£- ^1 lil /y* (^\ c Cylill 'y . J Lj yJ jL~* 43 jj3a 11 Ojl-j*| ^- ru 

\(km/s ) olilL y *jiS j\ (mi/s) AJlilt jAlff c^pyJl y -up y>cJl y£ 

c ^ 186,282 mi/s 
c ^ 299,792 km/s 

Jaj l-L& 

^1p o*A>-jJ JydJ yJ oj 0^ y-£ . 4iyp L^Ly^- <3 y*^: (JyxlC, 4j.iL*.* 

y2XJ <X?ry J-LP ^ip >L^rl (Jj y^JjlJ oijLwwJj OjL^^ yw -j^/l _ )LJt1 

<Lyt yP oytil 0jLyJl ^lp Jy<a>«JD 4*A>t_L^Al oLyiH 
. <Ltal*il (j^3 (J,! Lfr^jj 4y^Jl 43 L/?! ® 

. Sj^laii ^ Jb y* ly~iJ 4y53i ^Jb • 

. LyaLi y^Jl> Sj-iUil (j Jb yy? ® 
.LyiJ 4y^Jl ^JLp Sj-iUJj j^ 4^_i • 

cty 1 yj t^lJ-pl ^jIp oLjl y-^' a-L a y* ^1 3 4-^L-JLl 4y^Ji 3 y^- ji i j—^S_ 

^1 jfl 0^ ^j^-C jl-Xi* (^1 ^jLp ^ip 4^-w-oJl -lj>ry 

.43y* jjP ya Jp : la.y lJJUS yy jl .iLxw 



jil hor\ jA : jLt? 


'<J a J* iiLJl yu&\ j 0 jjS"jlL 1 O^iUll ^ryu -U-U 

4x - 8 = 0 

- TLX = 22 
3ex = c 

x = tl/c 

-4 i3iUil (j Jo p y -.aj f Cl —>Jo JS3 8 i3^Uii ( J>- i'fjjz 

4x-8 ~ 0 
4x - 8 
x = 8/4 — 2 

-1 ihUil /fj? <-j j^> { tic l? Ia ihUil p^Jcj ihUil J>- 

-tijc = 22 

- JC = 22/71 
x = -22 /ti 

x 22/3.14159 
x**- 7.00282 

f c4—^>Lll cl ^aa\\ (j iPj*“) C ^jP ji-jcJli iJliil 5-talall >- _£ 

.3 ^jjo p- y -^ jj *(£ ^ 2.71828 ul lL-*-) e ir* p 

f .c **299,192 km/s ^LSX c jj-u; ^ ^ <j*J** ^ 

_fex = c 

(3 x 2. 71828) x ^ 299,792 km/s 
3x ** (299,792/2 . 71828) km/s ^ 110,287 km/s 
x ** (110,287/3) km/s ** 36,762.3 km/s 

0wL> lja~i ,j\^». t.v\j j*j3\ j 6 jjo L>- c^l-x>-^Si c— j£ <jl l* •*-V 

.(ip^ VC(jCLcuL*Ji ^p 

IiuiJitalall i—j^1? (j i^—JJl a> 1 ft p cl^ ^Jl ihull V 

f .c ** 186,282 m/A j p ip^ a>- 

X = tl/c 

JC **3.14159/ (186,282 mi/s) 

ut i—-£ cL$JU '——*•= cUa y* jA L^i/ ci.j—2 kJ 1 4jLj»il _/^) (j jj ^_up 



iu/JteUll : Jjty J-**)! 


: Jj JJij . (s/mi) J^ilj ajC Ji olilb J,y yj JjLiij .a* jJl*il 3 a?- y ^^Ll* -U-l; 

jc ^(3.14159/186,282) s/mi 
x ^ 0.0000168647 s/mi 

^1 ‘tjf*-* aJ 01 J>T dJJjj -UP cap j+~}\ j^jAlii <LotP AjSj ^0 ciJJi -£ N 

.Jt? 4 j a#L~* JUL^AJ 0.00001686475’ ojAi L*j (Jyu-o Ail# x p—•J 4 


^\j Jjaa 4 ApOA Aa.j^H CjVjU-* 

" * * * * « 

UIp jl AJidf 4**jjJl L j** <JjLtX. IjL^fJ yJ?%1A UAjI J^fj <Jj0*JZ* iJidl 4 j*- jjJl 4 - IjIjl* ^ -P-iJ 

L^jUS^ /^viTj lA-*-; jd\ sj^lxllj 

ax 2 + to + c =0 

ot .(*yaJl ap^- Jl L* c ahUJ' yy N) . Jjcj t a~jI y cej t&j c a d\ <L~?~ 

iJLi dj£j *)l j) (j&l j' t^ aX>- -3Arj Jl?-lj t J?- jf J^A>* O^Uil ^j» U—i 

. a*aX>- ^IapIj (J^JL^ £^yJl 

AJi«Vl (jeau 

t 

iLjJl .Ayw f jiLJl t$L y£- ^jS-Lc aJ^Ia. 

mx 2 + nx — p 

q X 2 = rx + s 
(x + 0 (x + u) = 0 

'.*-*£jS\ itaull l jx sii*S/' Ja*>. »0*_j .ojIjj uj itj isj irj i qj ipj mj im 01 ii~>- 

x 2 + 2x + 7 = 0 
-3X 2 -4x = 2 

4x 2 = - 3x + 5 
(x+ 4) (x- 5) = 0 


£ A*"® fj3j l^ijau 

( JJ-I aU>- ^SsJ LI .JjU 4w-** 3 y N' yuv Uj—SsJ 

l^-l>- ^45 ^ ojpI?t LaI LijA«> aj y^> AiLL-Jt aJ^IxII 

. # 

Ail A>j—o jAj 



jJU 4a : jiufi wjLJi 


2 £yiaj ^UJt j£ill J] ijUl lbL«ll 
-31 2 - 4x = 2 
-3x 2 -4x-2 = 0 

:,_*> JT j, 5 £> <* <abl»]j j> Ji 3x UUk ^LiJl Jj fcteK ibULl Jy* j&t 

^ = -5* + 5 
41 2 + J* = 5 
4x 2 + 3x-5 = 0 

o'ibUll j* jSliJl Ilk tUUl i fi a i i .y^. tl-b>r j£i Js. W,_Jl <_bUll Jj 

tLgJj d^i Oj.3 oi^>^i 

(* + 4) (x - 5) = 0 

jl^ bj .tjjJUIjJl ^jA (^1 Ob^ bl I jA+0 Sljl Lt ajLil ^jA j* o^l tw-ill'l fljLkil j j. ‘nJ 

ibl*il ix = — 4 

(-4 + 4)(-4-5) = 0 
Ox-9 = 0 

ibUi.1 ^oJ < x =5 Ob' bl 

(5 + 0 (5 - 5) = 0 
9*0 = 0 

A 9 

JfC-i l5^ ^jIaI^ J«*—ll y —* 

(J c-jI^ iU iLJl) ^t^-l ^TUil jb^ iub jfi- plJbr 

^juiiJiVjtil <jt jjb yy\ l_~j£ 3u*a-*Lp «jl>-Ij ih a\ yy*} Cf* 

x(x + 3) = 0 

^ G-XA (j L t>jy*^L> 

(x + 0) (x + 3) = 0 

.X = -3 ji X = 0 ^ JL)t cby di i 

jjuv jl>-\j Jj- ^Jl jJi -of lijb Ajljb <j \j y jLSi tc.. r i JS ca *T Ijl 

frl-br J^ 4 l*XAj , ^jLa>- 

(x-7)(x-7)«0 

- ^ * * 

^jij JAP bj i Vj ^iaj (J yjj LlJ- 7^ J J * 

* * * * . 

,7 L>1J>- LjjAp '>*l>- a-Lt jl <J Jj-aj ^>Jj ,7 j 



S*iS'j lO’i/jUlt : JjS' J-Aai' 


AjijjjjJI AxLuafl 

:LiL. U»U /■> jdUl iillillj JJliH Jl iSj^ijA >JI 

-3x 2 -4x = 2 

4x 2 = -3x + 5 

(jvltaljlil jjuLfc ^Lf- L^jL^Oj 

-3j^ - 4x - 2 = 0 
4x 2 + 3x- 5 = 0 

n> *> 

f.i^r (J.1 tSy~ ^1p CM *^uj!b Lij (jy^® l5 -A—5 

^jSLc aJcw ? Jj>t cJsuLl .»ju#^JJ iij-L* i,.. «>* jjp Jf.L*siJ Ji ajI«JI <Jj • L j> - V -i—5j 

<< 

2L$jJlJl ^ V-Aj "ZuLiaJI 0^Hl* AjCj^ail oJUfc ^Jl>*-1w*J .<L*l*ji aJL^- 1 <j A^fcjj-*-^ O^/^Ull ^JjL 1^*1 J>»J_*-l 

* 

f.i^r g^Lp Lfcljaij ^\ 

\ J y*LS. Ajltll 4j>rjjJi H-Sbc* (£y~\ 5 jA jLlP'yi (jyc ~L>- 

ax 2 + bx + c = 0 

’. An*<k^a\\ d-Lfc ^lJb*I**lj aJ^IaII oJjL 

x = \-b ±(b 2 -4acf]/2a 

ajL jb d-L»j " i jpj\j jl Jtflj yJi\ I1a \jAi .± y J>\ ^ J,jS/i • La L^>w>y JUlaiJ 

3JLC L*JuP .jJ<3 oLSLJl . aJi^-ij OjLp ^3 (jyjL*Ji _1 

il* <j\J.sLc* ^Lp Lili AjLLwJi 4 I 5 jw^ll H.>Uii 

x = [-b + (b 2 -4acf 2 ]/2a 
x = [-b-{b 2 -4acfV2a 

* * 

Li y- tiiJi j] tLw.Jg^ Ua^ dlli ^r-^i ^ W :>t ^^ AJlili aJs-a; il 

( jAa*J <wuiL All tw^I^JI jjJrl (£ j — >-\ A Ajj L ^ c/4 5 J Hi 

^JLp ^wUU jJbM ajLS" c^U .j*LM ®jL^] ajL^" V-L V 2 ajLS" ^L>t_j^i 

*» e 

«.LtL>ilj 2 ^wUi) Huj^i L^aji Jj Z i-bji jv-aJ -Lii i j~2 Jji_li . 1/z 0 J_i ^jSs_i 

.^Aii 


JUk^l 

jS-l 0SiiL*il »Jl» ^ashti\ 


-3x 2 -4x-2 = 0 



h&r\y :yufi 


: ^ o^LUl 

a = -3 
b = —4 
c = -2 

Uyji An^sA3l (^5 ^P 

X = { 4 ± [(-4) 2 - (4 X -3 x -2)]' /, }/(2 X -3) 

= 4 ±{16-24)' /, /-6 
= 4 ± (Sf/-6 

jljLt'S/l (3^^ ^1 * — S iXjtii ^31 j-L^tLj IJUfc Juij 

* 

« 1-4j Li^ 1 ^ ^ i u^ 

"AJLlaJ jjC n jIjpVI frdA 

j^w./i^ < j^d-lj 4 ^X^l// J I'U&tyl ^PJb j 1 ^JLaU _/dl jjJrl O^w^Lj 7*7 

* 

.itiiJb ^iJDj <7 yi-l) d o-^Ip (jf,LUjU ■/ 

j Jju a^Lp g ^Lid-l iJuJl .q L» j ^ - 3jLp <^l ^^Ip J y*a^-\ \^ s - 

* * s * * 

. ~j JL*j q jjlaU ^flUai\ i >- I^jlp q ^ lS"* taj ^ U>- _y* q taj ■ * 1 

.UL*3 :>l-ipty jp Util — 71 cj </2.787j t-y5j ty 3 jSLt; 

^ 7 - -- OJ iUpty Lit* Ljf ^ .a:.~A < JLp -^Apty <P y*S: Jjti ( J—£S" 

< JLpj <4j <j ^"7 <J jlijUal* jlJLP^I U _^IJI_ ^Sfl 

4^.) A . A ■ A.~i -1 ^ 4jL>tlll iiJLP^j /1 |a 37 JL^r^j , L*_il ^|| 4 <^/y^L«JL* j»_P 

OfwlJlj .^Avojl 4^ 7 * 

7*0 = 0 

iJjUI ^l*Jl ( 7 !- 3 - 1l ^' (_/* iJuJi 

■T 

k=p+jq 

.< t A t j>- jlJLpt qj p jj 

<L^l*a3~ 1 MJLpS /1 ji ^j^LaUl jlJLP^|l ipj^-3r (C-^UUij ( O -*c?lj J\ js *t., , } 

^ 4j>k-iJ1 .jA^iS\ f* OU-UU^J <^jli Ujlj U 7 ^5 _^ U__J^_Jt 

* s * 

LjJLap bJLP ^JjLaj ^ ^ (_j Ua_flj JT Oj .((5 — 1) li^ 6 JL*\jlL* t " 1 1- <t. 1^»1 ^ 7 *** •* 

^ oJl>»^ Ua-^J - 3 -^' ^5^J 




j I j <o*!)aUIi : JjSl J-fliJt 



tujLtJI JJisi L^j <jjUB ijtVl lJA^ (jS-i :(5-l) JtiS 

.4*4jl£ 4j_jl j I Af 1J 1 ^ AjiHuiA A lllJ^J 0 A 

4j1 ■■■ ~j ^L-Jl jJi-1 w-Py LCj t<uXui)l Q& 0^1 viiil Lc. 

JLiuj jJl 5jjUl) IjJ y'8^ ( _ s JLe- ctJLJi jl •( - 8) /4 l5 

x = 4 ±j 8 I/2 / -6 


"A5^ n J| Sjjfr 

eJlA Jl 5 jA ^jill 

^ 2 + 3x-5 = 0 


^a La 

a - 4 
b = 3 
c ~-5 

> 

4juj j^\ Jj C^*)L*l*ll Jl>oj 5 

x = {-3 ± [3 2 - (4 x 4 x -5)] yi }/(2x^) 

= -3 ± (9 + 50)' /j }/5 
= -3 ± (SPf/S 



jil hor\y : Jl* <-jUI 


AjI iS y iS A^P JLlP .£*Py* *uSsJj ^JLP yA $9 jJLrU yjJrl o| 

0>Lil>- (Vj! J1 A*.yii Ai^j 0y^J .AiJj oliT N j&y iAj yl“ .L$ jj* Jt-pj a:-:> Ji —P 

.9.434 


AT^-i ± 9.4M/5 

. A«~J yt ^^ yf t*~y- C->UL*P ^tj ^Llll Oj-3 (j\>^vpJLP ^^JLp J^aJ-\j 

L yl*j y of J^AdJ tOJ^Jy AjLil fiOA bl .JJ4 ^^Lp Jy^iJ-1 aJI yr) ^y* CJ— 

^Lili ^Jau-J ^Jl oLJ-l oULjJl (,\ yv^j OJL-ij £*Py N ofj c£y*-l 5y* iJLL-Jl ^L-J^l 

Oj^ U 


1^1 j JjaIaj ypH\ AajAJI qa 

ylj ^ jy-i iLfii jcwy 4 yf_, jS 1 j c^uj ^ < _ J —-Sii ^wi j L»jlp 

JLpL-j 4^yJl . dJL^fT ^|>- (j yx-Jail ^J^nJly t&jtva-Jl C~*^l- -j ct^O-* ,1-L_ aaj 

jl^P yP Oj£?S^ l£ yi) APyjy* 0 >< Vy>OX. 0>N ^lp (J^^** 0 * A^rly* OlP p L * 1 wJ l yy«%^Jl 

— A^t-jjJi^y^Ltiij iA^t+jLi ^y^uiij {4~&byji ^y^uhj i<,._, «jC1// ^y^uli <»J>yt^ 

. A>*-Jl 0>Lv?b^il (j A*jJu* L r -^\J ^jJ-l oLJIy>rj iiy—w ySllj w 


( y# <Jj>UlL fd^fj yl JL^fj (J y*«-^ itlidi <>-jjJi lOajf A-— ^,J jL*il ^—PJJ 

: JUl ^LSH jSUj vHdt i^jUJi 

ax 3 + bx 2 + cx + d=0 

Jj yLl tUaiil j tyOaJl APyx Lfc C y»y V) . Jy>^i>* Xj ^C^jly dj iCj c bj <*Q OJ 0^—>- 
Jyi^“^ yp frlJOr aJL^S*" ^Jjy^- (_^Lp ly^L* Oy^^-- cU^yjfl^- C ■ ,^L*lp Lj\j X. 

Uj C^J cr AJLJbU 

(X - r) (X - s) (X - /) = 0 

0L>-Sfl ^ya ju (j OJJi Oy^J yP pl-L>r ^1 ^J^ljiil d^y^- ^JLp OAjj-\J ^^ip -La->j V 

a . <LAjJb dilf- t J^*l^^ sJj 

AjftLjll aIjUlJI 

* 

ImsIjJI A? t-jjJi aJjLaIL yl (J y>«^X A>“y-t// <JpIjlC. Ua^f AP-ly —if A—..hull ^ POj 

: JUl ^vLiJi Jp L^ijLS^ <J 

ax 4 + foe 3 + cx^ + dx + £ = 0 



J c J cO^Ul! : J 


4 JA tUaiii J 4P j~J La c yy . J y^iA Xj (CjIj? £j t<ij cCj tZ)j ta jj L--—>- 

aJLl? 4Jl^»l iiliA .(JL^Jl IJla Jj 4_*Lp y jj^A o-La cL—v-Sn ©Jl—pLoU £ j—*ji ^j 

‘Uj t/j 45j 4/* 4y*A^-l Jji^ ^L=] <—*-*-4 y- aJ*gi" <taL> ^JjywJ 

(jc ~ jr) (x -s)(x-t)(x~u) = 0 

‘JaI y *lJbr Lpb^Jl AJiLil Jj y^ bj L~*£lSl SLLil j Li" L> j — \k£ jjSo 

,4J \aJlp- JyL- 4 ju jl Jllib j 


^Uilt AJjIxaII 

i****(j£-l 4Pi-j~Uf ifjbtlb ^ X>-ij (Jj>nJZ£. 4Pfj»jJl aJjLlC, 1 yajl A^'LoJ^-l ifjUll ^ P-Xj 

t^Ljl ^^»Li]l ^Lp L^li" c A^!j <Jj>%zc. 

ax 5 + foe* + ex 3 + dx 2 + ex + /= 0 

'Jj c ^Uai)i j *yaj! ap j~J La c yy N) . Jyw* Xj 4C~>ly4gj trfj 4Cj t/?j 4tf j[ 

4»*^LjL aLlII L>L^-*1 0| • (t3L w ‘ s ^ ^-i-A jJj <LLp ©La 44**^^H oJlpUU q j _ Ajj 

*'VjUj c/j c,yj <.r LajA?- JyL- LIj aLi^? 4Jt£L ^a J^ly pL*» LgLy^j 

(jc - r) (jc - 5 ) (x - /) (x - u) (jc - v) = 0 

Jl 4~-UiU aLlII Jj y£ cjik^l L[ LpL ^Jl j 5j^Lil j Li** \^> IaJ-lp j vw 

.^J^Lil orji j! 5y Jsl^-1 (J^L' 

/I jilt (j-a 4 JJIxaII 

: JU^ ^UJl JSLiJl ^jIp jl>-Ij J jp^x. n jJJl j* aLLII ajIiS" 
ajX n + ay" 7 + ay:" -2 + ... + a n _$ k 2 + a^_ 7 jc + a n = 0 
bbJl aJL- 1 J Lilian ^J6 ^ . J y^> Xj tC-jly Cl n 4... 4^ 2 (-Oj 0] L-—>- 

>V Jia^j .oA^i" ^Jjy^- aJLaJ iyJ ^Jl o'b/L-l ya-*j JLs-y ^^sJj y- ^|JL>- ^1 4_taLil 

* * * * S' 

. 1-ijr LLi* %^P y y ^1 Jj>uw< 1 oJl^i" 

^frljLuJI C-jLui^JI 


.dLr'b/lj aJL ylaJl (jyjjii* (j^> L>* ^L-iJl tiiLC <.^\^Sa\\ IJLa 4 jIJj jj Uj 5f* 

4^14x1 j .^jL-jJ|j 4 4P j~A\ ^L*ij 4oyjii" y! t Jy*L ^LyiJl ,j ^Lp 4j»_ ^ 

4-ljyb Li LS^ J ^ i «*£ C^^') 4j^L-1 4QLLLJ\j A^Jua^\ iiJLP^/l ^_ PJj 

.aLSCJIj 4®jl ^A^ oLi* LibT oL»-LJl y*j .iaii 



JS iiuj-l jA : yup cjUt 


jbuVi Aju&\ 

Jj jjJrl <Z*>\j*i0 1>“ <3 xy (_£ ^JCj ^Jjb 40«A-*l*lil <J^Lol j rJuJ J A 

ij JiPlx-i ^y*-) .(cj jl^ji J>\ jjl if—j) (Jjl^jJil OL»-*i/l (_/»*; j wUi ^—c-Jj 

coV^>wdl eJtbt J^Lij Ja£ SiU aju^^\ v^J) .b/ a U^g* yuA\ ^J_ii 

l«xAl ^jA OLaUa^j i jy£'[*Ji£' 0^-*l— m\.\j 

0 0 * 

,U» Ua_j '%ii (6-1) J^-iJl jw>ji y_J.l £ (jj>t.\ J»li Jl (<7,6) 
v^' -(*a> J),) i^ 1 b iL^Jl ikijj (X a , y a ) i——*Jl a ^UiD il$Jl «JaiJ jt ^ jj\ 

J&j 1 1 a I JS^Jl J* a iL> 

* a + b 



W-fo^+x, 2 )* 

b^ a j_jSy 

a + b = [(jc a + ^), 0 a + ^a)] 

0 

JtiiUj t jjj jUw* jyJu? b^a c.-^ i£j\ *Lu L^jua ^IJu :>L£| 

.^y^i\ <Sj^ J** j* a + b £j^rl 

Ait^aJL ^La>- iJLP b^ a <j^pU-tJJ t^JLdf frlJUL-f d^j j 

a. *=jc fl x ft + y fl ^ 

^plicJUil jl> X b Jp tf-L^-b UojI t^Ji^zzlf filjJbf ^Ju 


J 4 £ r al\J iO'SiUll : J jH\ J*m)1 


J a 0y. 01 . b j a ^»xsM bj s ^j^pla— t JJ 

ys' ifjA (jjJ\ <Jjfi~S I j (JX 4v>U- 5JIy ijai 4pUJl ^jUp Lr ^~ 4 QJ> 4b 

4»j.ifj'b «u]j *1? ^iuuj a X b *^i JUb J . C] 

|a x b| = |a| |b| sin q 

JbuVl ^ 4**&l 

i^yjf JjLSCjJf tL^jifL Uajl xyz frUaill ^Jb .^UjS|' *Uai JJ kilS"jl-L. £_ 

.Ua-«^» L>w>I j^j (7-1) -(0,0,0) ^«J-ll b/ a ty±f\**z p -**j 

.(x^ y h z b ) U-ill b 4jI*JI aJaiJj (x a , _y a , z a ) JuJtfl a ^UJUU JLlfJi *UiJ o\ Jpj*\ 

| a | JSLiJl a ^UjJI *L^ .^j£j 

|a| = (x 2 + y 2 +z 2 f 

11 v a y a a 

\}J a 

a + b = [ (x a + x A ), (y fl + >>*), (z fl + z b )\ 


y 



• JbuVl ^xyz ill ^ ^uAl :(7-l) 

^jl4^^^! ^jUj g.l<^a all <Ul>- J$ L^S*" 4LwjJ-l^ ^l*L& 3 \__£i ^_^Lc 

{£j\yj» jlz* a + b ^OjSCjj ,^jjjb?ijil bja Olpl*-iJi 
4i**aJl> ^giaju 3-ip j^> xyz *UaiJ! J b j a o>pU-iJLl a. b Ca5 J^J' 
fl.*=x^ + yj 4 + ZA 

4^ .*>Uj j^sOiil Jlibc* xyz s^Uaijl j b J a a x b *\jJr\ J^JU 



OIjJpU jJJ A*?r\jA :yup ul,Jl 


dL jo 'Jut ^-Ul j ibja u^-UJj) JA J£" ^ i$y£- iS-^ p <S > L -^ 1 
|a x b| = |a| |b| sin q 

^Ldjjl al^l .p iS i' <j 2—VJL* b j a o^-boJl jv a*j1 j\ q <>jj\ (—-=*r y> sin q 01 C—?- 

*■ 

p <jy~l\ i Js' ^.^LOl p- gAi .- l l ^Lp U iiii ja bj a Jl o^ bl .p is y-A! \j *_^U a x b 

tipLJl l_j jLip ^^ji| bj a tjspVjLjJl q ajjI^JI c— tixil ^ p <S£-* ^ jiij 

.OJUl^L Ujlp ax b c-U^O Ob 


AjlA) &h!j& 0^4 

l^J>...li ^Jl <jy1 ya}>\ ^joju aJLto . 2j.}bJl ilJLpS/1 3j*-iS/l l$-{*C5 V cJLpl jaJJ b JLp 

£ 

AA&J Ui Jailll 

5Lji? uiJjJU lOaji iS^\ c^iLi->- .i-Ixj ^L*_0 (^1 ^JL—p 

obr^/l L*-^-OL-Jl iJLaJl Ob" bl j*mZj V LjLi obr^/1 ^jLj OiJ>Jb ^4.1^1?^ 

.UL* ^JLjl >JjA\ Ob" bl 

4oLajj 

j^pbO- bj a OIS" bl .4*U*ji aa if jL <^jlK j sjKoo. i!L* ^-JU t^U_^ ^ —p 


o^i 


a + b = b + a 


JA& - £ljui f 1 a^ 4 j\j \f\ 

* *> 

Icj LpUA a OIS" bl .-ULkjOl <0 ^ j£; ^iil ^_jj^01 (j ^>b ^j^p 


Oli ULJb- bJLp 


Aa = a k 


^aiUI flAaJl 4 oLajj 

Ob j^pb-i b>a Ob" bl .AaA^/1 u_,.*>^ ^b c a ill ^l-Lirl ^.l j*r\ .-Lip 

a. ft = b . a 

. il (j^pb-^Jl t_ ^-blp JLLP J^pbjO t_Jl +A A) ^.IjJrl aL^-l 



ifciS'j (O'ifjUlt :J 


b x a = -(a x b) 

* A\W 

w * ** ** • 

u^i ijcif c j b j a uir bl f.1 j>7^ A ^ L ^' t-5 ^>Li jlp 

(a + b) + c = a + (b + c) 

^ a) lii JJ& ~ £lx*i fAJJLL4AJ 

l5 Ip iJUl ^clj .op j*» 1 •' Cr^-t^ ut 2 *^ k 2 } kjj iU-U-i a 

*1 (*2«) = (*1 *2) ft 

AjjuJjj 

: l5 U iJldi (_7^^ ^JLa>- taLxpf A| LpLh-^ a 

(A:, + Aj) a = £,a + A^a 
a (A:, “J - ^ 2 ) &A| "t - aA^ A|fl -I- A^>a 

^C-kAB £^aJ (jlfr <j-4l*JI <JJUjjj 

: l 5 jLp 4JU1 cjNjUIi ^ojj JU\jj .LJlL ULi»- bJ-p k jSUj bj a 

A: (a + b) = A:a + Ai> 

(a + b)A: = aA + bA = fa + At> 

^Uiil fl^Jl A^Jjj 

^ iJUl ^ JUlj .i*if cj bj a jSU 

a.(b + c) = a.b + a.c 
(b + c).a = b.a + c.a = a.b + a.c 

^C-UuiJI ^4-* ft Lf l^ tjfl.uai. 4 lt ft-laJt AjjuJjj 

i^jLp- 3Jlih o*y jIaIi . AA-i! C j bj a t j£-J 

ax(b + c) = axb + axc 
(b + c)xa = bxa + cxa 

= - (a x b) - (a x c) 

= -(axb + axc) 



OLjpbjU 4 a?-! jA : Jufi i-jUl 


1 jll p liail ^LiUI f IjljJI 

iJ-P aJLJI oM^Ull Jldtj dj tCj tbj <.a 

(a x b). (c x d) = (a . c) (b . d) - (a . d) (b . c) 

•ApJjjij! oJ»fc j y^sj 3 4l^-JL* <2JbjJ lil .^Lp ^! j oJlfc 

♦ u^Lii ^ lj^ll L»jwiJ Iwiji ^f\xJlj 4x*>><^/! ^ -a>^ cl »x wJ *■ — 1 1j 4 -m » 

UL>- £jl>- 4ytvaJl JJL-It 4irL*> !*1& (j 4^-Ujll 2JJL5*" 0>^iljii! U ^Ij 



J^jo iily-l 4jU ^P C, 


lj>t On-zJ! l)jSCj .fijj^iaJ! JLLP ^Jyaal! !Ju* 3 J! ^-£ 

.^U&! 4jU j 6} jA? jA Aj (1M L«-Lp 

*JaUli ^ Jh, ^ (X - 4)(jc + 5)(x -1) = 0 daUll 0]. l 

. JjSlI a^jxJi ^ (a) 

.4JliJ! 4 Prj xJl j, (b) 
.Aillil! ferjOJ! JA (C) 
.4aj!^)! ^ (d) 

^ 1 iJLJLl J *bUU J^ j£jj ^J! ilJLpty .2 

*^4, —5, -1 (a) 

A-5,1 (b) 

.SJitall oJli 'yjl>- il^Pl V (c) 

.j jiJ-\ oUjJu^ -Wji *y (d) 

: JldlT xy c£J c/ 3 >»l .3 

a = (x a> y a ) = (3,0) 
b = (**, y A ) = (0, 4) 

o.x& JL» 

5 (a) 
.oU^j 7 (b) 

12 (c) 

o->U^Lc« 'y (d) 





iotyj : JjSl' 


?a . b «L 4 ' _j> L* .VIjc?" b ili^i a ^ ibj a jU-U-iJl LjjJ i ^J .4 

.^5JuaJi (a) 

•C>‘ (b) 

.J^Ul (C) 

.U-Ui ^aiJl *UM ilk* Jlj_SI (d) 

?a x b »L4i y> U .4 iJt-il t) OtjjTJJil OUlxJji L,jJ ^ .5 

jL-iJl (a) 

(b) 

■J^ 1 (c) 

.UUJ, fljJrt Jlj_- (d) 

AIa j_i3-l <w*£ l>* 44 JLjo ^ip (3(j- 4 (_)^" _ftJ -Ijp .6 

. ojIj <u—-jJt (a) 

■ <J_p^ (_5^p **-*—(b) 

.yL^Jt of l j&L ^1 ^^lp 4 .^,-ftJi (C) 

. \ ■ « fl i ^ip C-> ^li> ( JS^ 3^ -4 

:aJUI o^*V*ll tlJULc <±~>- ax 2 + bx + c. ~ 0 Jp *jUi ^ 5J:>U^ LjjlJ .7 


= 2 
6 = 0 
c = 8 

o-iA (J^JL>- djjii ot L» 

.a-JLaj- jiJLpf (a) 

,<i j^p :>UpI (b) 

i 

,4jJUp jlJLp! (c) 
.A^IrII aJLA <J^1>- * ( d ) 

.3j.iL*il ftAA aJI 3 <Lila-iil ajJail ^ l* .4x +5 — 0 sJ^UJl! LjjJ /^xJ .8 

* L - > > <J^ ^ 5 < a ) 

■* t> *-*> :L — i (b) 

■ X J>>odl. cJ>^ JS" (C) 

. 0 ^ AjJIj cJ>^ v y-b (d) 



i*9r \ja : 


JT j ^Ji oljLxjl U <.bj a j^pLjcJuM .9 

* f # * * 

• b jt H jj«* Jjit (a) 

» ^ . 

•bj a jJt t) ji' (b) 

# * > . 

.bjsufjA c£y-it JLp bij^U> ^11 ^UjJI jjX. (c) 

,4ijLJi oljLxjl d jLp (d) 

jJJj c5V SjLp StjL-Jll djli^ £j* c-JbM <j ^ y*l* y&i ^—!l 4—tatnil j[ .10 

^A JjJb^li j*Jb*JU*JJ aljL-wlt djLil y ^j-cS/t k—(J J 

.Huy (a) 

• Jj^lt ***^Lfc* (b) 
.<L*1jc* (C) 
.c-jIj (d) 



2 tMli 





OLjsUjU i»pr\yt : jiufi wJlJl 


'O-XqS* C-»IjLp 4j J^Llo — C-;-^ li] — il-lpS/l <_lX-~ LJLj 

3 5 

-9.7755„ 


-16 x 

aJL^I vj;— j ‘. ~^'~ . L C —j Iol 

JK f* 

c-Lbaj (j -L?UJl y Ji . jjS-L*Ji aJL>- (j 4 JLiS^ /w e *>ll4 .U-t>U2_ ^>\ ^JoJl 


jSLiJl aJ^ il ^ ^Jb (x l? Jt 2 , x 3 ) J* v^— m^I ^^ 

JK 

c-Lbai j J?UJl ^p UjJL^ lij j A-bii>iJLil Ajb^Ji J-* J^JuJl iJl* ^c^a_ j .(x, j% 2) 

p 0 

Ja*> Jj&u .LbJ Jj^L frUaiJ' j 4 iaij (X ls JC 2 , X3, ..., Jt n ) Jii ^ ^~ 

AjLl^Jl ^La^JajJ 4 ^AaA?- clbL* 1 I 4 1 \£.jj (Jj l-b»j 1 1 v^JHa)) f i a 1 c. 

. oJU* 4*ai>*Jj 


4*AjijaD ci 1 jIaaJI <jP Aiia) 

J^Lio AjJls^Sl^ >_ .I^nJ l* Utp -1 slJ£ tbbl Ajuu Aj-iJjtH lJ£ jl-^-1 c-~I— 

ajuL "jA l-3jI>*-C. L$iic ^oLil aJj>I oJla . JjL* 

2 x2 x2 i"c_jk£^ jl£P 1 ji 2 3 

x Jjzkloi] JLqjj t"x (ji e t jSj e* 

y ^jlojjoII j.laJi (J!l«jj $\ flfcrtj ^kil Y 

til ./*>" e OjLxJl Ju l) Uoj* !2j2 3 -b»rj —i 

4> * 

t3 ^JJlj x 3j^iJ <•& j (2.71828 jIp^UI 5jp13 

fyl<yLrflijA J &*-j 

tjjjJCJ 43jjf\\ 4^JLAl]l A^>c^aJl Aj^tab*Jl £.L«JLxJl ^J-bajJj 

,^JL*Jl L*Ujlp aLlip L* U .«,<ailj . 10 iJbtJf ajJ 


A ik\\ JiuJ) 

: J$LiJl ^^Lill 10 J-L*Jl *>jJ jij-X j ^ J b«J' 

W . W X l(f 

(^^aJl Jl Apy^i! AjaU! jwJ Y j) aJU’U (.) AiaiJi Ji—C ^ 

I^k^p (aj^wmaJI aJL ^ UJI j L«.* o lC Lp) 777 o . aj t ^1 ^! 4 * *<* L**> ^/! ^1 I & fL> 

* * 

I^*ap (aj j*!l*}\ aLvs?IaJI (jvC yt j. {9 48 c7 t 6 t5 c4 t3 ^2 ^ 1 } apj-«^I L—?rj^« 





^Jlj z <3 ■ (9 ‘8 i7 <6 <5 <4 i3 t2 il i0} i*^ <_Ju» 

jI-IpSM fl i*ft . ji v~> jl j) c\ ??J.1P ^1 c 10 ^-)—*4) *j —* ~ 

( I 5 < -^ 1 oo- 1 ^ ** 


2.56 x 10 6 
8.0773 x 10 ,g 
1.000 x 10° 


JjJj Ji-i 

i3j Jj-O' (j^V <3 ^<-ft~a^» J-J —il J* <— jjfl lg jfcju" \j—\> 

ioLa^JI j^iaj . ftl = 0 0<1)1 10 ajJj^Jj-lJlijjjJjJl ,ol 

1 jl-)ji£. (^Sfl 2^j# J) 1J y < i 1 ju£>\^ 0 ^j%S^) 4 j <L*L^]aJ) d-L4 l^IP -)—£- 4-4jl—J) 

0.256 x 10 7 
0.80773 x 10 17 
0.1000 xlO 1 

Li) . 1 jifi ^Aii a-jL 5" 3 NI S)$.- a i 5 jL'—-J) ,> j ilt . 4) 1 o3—^ 

.3p) 1 Jb )50 ^p j***i J&* -j ^1 <1)^ (J<Aj ^p1—-3)^ j** 50.000 ^-*j| (J_^i 


V SjUJ- 

^ t^Jlaj 10 iwbtJl ^1p t>£ Jp^" Ojl?P <3 <-P j ■■ <?' ) ® 1 I 7 — 

0j>»^> ilai OLj-S|) ,_/ ajt ! (j i_r^J .i&l—Jl t(X) j^ai\ y»j [S'jsaI (j »l.«Ul) 

Laj 6.1^ 1 j 7.1^* Jl IP 4AJI 1 -ll ^)_ipS/) J.Xy * 1 0 J.)a I ' O^f ^jjjJu ^3 )*>.~S j]o •“)) * 

: Jbil ^Ull JS^Jl 

2.56 10 6 
8.0773' 10' 18 
1.000- 10° 

6jLaJ\ (j ^^-*<**3^ Jxj oJl& jju JaJji'l *—~~£ V 

m.n * 10 2 

yj 10 2 j n Ox c^k*Ji ^ £jlj 4j jJiS' *Ls> Li n j m iri ti-—>* 

fl-l>-^Jl ^\ju( ^IJL^L^L -UP ^laiJl Jadj J y ^ 



:yufi otJ' 


.kg ‘ m * s' 2 jf kg * m/s 2 <J j ajU JLp js.^j\S y> JU3 Jlp Jli- . yi*^! 

53*^1 -LlP ^J,i djLi*^U ^JjL« jP Jaj£ <_*>X cJ>^=U .*i 

L --;-‘ **- i <j' . jy*J^ ^V* ^y^r oL*JS^ Ia> ^I-L>lO' JUP j! 4JTJLa 3I 4 RjlJaJl 

* 0 

4^l*Jl 2JbM 3 X <-} d juA j iJJ djjlujj x ^“l> t ^i > ' ^ S"\jj] L -^ ^ 

I ^ 

2J4 (3 ^ ^A I-LA •(*) 4—Ai-Jl ^A iJU-l o3a (3 JjjJI ■ **.—. d ^5 ' t *^j ■ . fljl '* 

( J^-iJl L?^ ^ y^-* lil-lpt j>*N L^ - ^ lj> 

2.56*10* 

8.0773* 10 18 
1 . 000 * 10 ° 


(JawVI 


10 ^-L*Ji ^jjjJLO 4 J^LLxJl .1 il-LP^t ^>iu »2A4 p • ■ ~»- y^j 4j1 j>-*)i Cy^~ ij* <7 ■ X * 

0 

Jb ji 4 JLa»j ^jiA) (J$ (jE-'jj jjp j+0 ^jO. -J ^IwLSj;- - L 

jyio . ^UaJl '~L* 4-*—«bM O^S?'j o' j! f*L>0**j . (Joj J^\ ^'Jl>«Jo' _j) 4_S\jM 

f 0 

4 JLL-J' oLw«-S\J' (O^j .<lL jJl ^JL*J' 1-g.b.c ^J' djiJU Ip ^ 10 ^Ju*i' E t-3^-1 

J^LiJl ( JS' 'JLft 


2.56E6 
8.0773E - 18 
1.000E0 


4-ijL-J' o'jLfcli jflj-aj (J,bJljJ jJail jl ( *-*Jr' ®jLil 3 ^ji’ > '^ JU - (j^ 


JSLiJ! J* 


2.56 E + 06 
8.0773E - 18 
1.000E + 00 


-»^ OjLi^U ^Jl L— d J^*V —4l ^A 4-— Jl 

: JSbJl ^ip SiLJl oljUil ^rfJiJ 

2.56* 10 A 6 
8.0773*10 A - 18 
1.000*10 A 0 

vf^ 'M .4_fljUaI^ 5il«S/' aJLA 4 j^-L*J| 



2,560,000 

0.0000000000000000080773 

1.000 


jyJdl retell 


(-uIjaII 

^11 ijSi\ (J,[ jy-j ^1' ilap^/1 10 ^a*ll o lAj /ji ^d4\ 

2.55 x 10 45 ’ 589 
-9.8988 x 10- 7 - 654 ’ 321 

aJbJI ShUT ^L1p Jjty aJU-1 d <4 ^ioJt jSLiJb alapty oi* ^ <J\ JL.U—S' J-_ii 

5jU] ji 4i-Lp ,i4\ii\ <!U-I £ .lyU 45,587 ^ aJ^ J^l—* ii-Lo U_^_> 255 

^ tljAv» 7,654,320 ^ 3Js—i l> ».l.» ^ tSj j ~**-Jt sJU^Lall ^ t jk —*0 id «ll ^ kll 

.8 f <8 f <9 f <8 f c9 aUpty 

jUbJl jb-bJl dV\ M 

2.55 x 10 45 ’ 592 
-9.8988 x iq- 7 ’ 654 ' 318 


jjS^ ^OJjdl < jA LAIaj jl-Xp^|l oJLfe j-LJ 

45,592 .3 j'aix. <ujUv 'j* j4~ t jjj—S/l ,^* ( JS” ,J| jlaJb ilili *i j*a ■•.y* <—*1^ 

alop^ll gr4Z) .Ui\ 3 jUic. -7,754,321 ^ -7,754,318 aJbJtj <3 jUi£ 45,589 ^ jjSl 

i_Jl y> jjS^I ilap-SlI y* ^lilt Jil _jl jiS3 ^~*aJ L*.lp L4>bj j>S3 

, s yJuxil o.. 1 ^ Lil «i2.' U~.i . t ., 1 ~. 1 1^ Ujb Lj<o^L^w« ^IjlpSH oJLa **4 ^IJip^/1 

. y* _jL£jl yp ^ ' j .^•l^l! 


o^U ^1»«' ^t■ iilUU- j.U j tiIJLP-*ilI j_jl^ tbj SJLSv^I 2_j^^ j_iL* ^ 

*—^50 (^1 ■ - ■■ 4 ^l^xpl —pl l 4 j51j (1-2) .|».,a 1 1 j * 

• 10 7 Ji 10 V 10 p-—-ft-* (‘-r^) *1,000 1 ^ja* twJl J * 

^ flCIO 7 J] 10" 3 cjl r 10 Ji (•—-ft^ 0^J (£) iJl £— 

.10 JiO^ 

O* s -~*'y >* 10 Ji 0 {j* ^ \j*\-* BJ 

(0 j~*£' h-««ai <^j>\ j* sSs* ^ tl-Ui U“- 

.Ijbl jA <.rail ^JlJ ciXS-ij C. 



OLJpUjJU hor\jA : jup 


CiliC'LuX^ CjUjL 


jj-xlU ^J-j3 /jA (SsLifi’Ulzlf ^jL'jL jfuj C<uLj iL-Jl jiat; _j 

oLapU/sU oLj^Ij (1—6) y~ ^oL-Jl si. Si .>_Jlj -ll _c- 

•10 24 J! 10 ** CM 


• vij- itfS JJ f**. Jljftt JJ^ (1) :(l-2) JiiS 

• l—Jjl jfA 10 ^]l ^jj£a jIjc-I j yi ■'■ ^L_)| 

i_jj 1^ 10 ^jJ] (^iaSlI ojja_« ClLuIji.) ^Uaj (t J 

• 10 JJ 0 <_J-G £> J ^ JlLaJ j 





jijdJl :ytoJ \ J*ull 


fhVw.au 

10 ly jL-JUP .Ltd* ^^SCil s-o S/1 ft* J^Ltj 10 l yu CrlJ ^—^ —J 

jJLjJI ilJ-pS/1 AjL^j iJLpUJi i2 J,i -2 JUrl j-w> ^S/1 l)^ ^1 jl aj^-fT 

aJlf-LiJi ^..ridT . 10 ajL^-S/l ^iaju J jUpty <3 / -3 yV OlT lit ,^_Ji 

y 4 Jn air lii y C jus>\ j\ -4 ^S/l El 1 0 a^i ^j-Uj jv^iJi 

i-L^ jAJ 10 ■i'^JlJl ay 4^ . .*1^-1 ^ - *j 

/ / 

jt^Jl ^*J aJL*> i yup 10 a^i j^X j L» J_LP ^?L>- tl^j^ ^iJLlj l)j^j JLj . ii^]aJl 

18.407000000 E + 00 *jW*^ ^« ^^$7 8.407 ijUall jy»jj»^*JL\ pjw p-$i± .otili-l 

,4 —Ju JJLxil j^JLC of u* r*> J* 

,..^t yr\ -J-j j L*-Xip 10 a y ^^^il 4*i*T (_ff^ * oNI li _—pj 

.; *£ji /.ijb^L-o ila_h 


<.y^* .L^jf ^ilii uvr til jUp-S/I a/IsT ^a> il-ie-S/l £*J? aa< Jo J-iil 0| 

(3.045 x 10 5 ) + (6.853 xlO 6 ) = 304,500 + 6,853,000 

= 7,157,500 
= 7.1575 x 10 6 

(3.045 x 10- 4 ) + (6.853 x 10 7 ) = 0.0003045 + 0.0000006853 

= 0.0003051853 
= 3.051853 x 10" 1 

(3.045 x 10 5 ) + (6.853 x 10‘ 7 ) = 304,500 + 0.0000006853 

= 304,500.0000006853 
= 3.045000000006853 x 10 s 


* ^ ■• aj a-~.1_.Vi -Lp*1 y ^ 

(3.045 x IQ 5 ) - (6.853 x 10 6 ) = 304,500 - 6,853,000 


= -6,548,500 
= -6.548500 x 10 6 



jJU 4jc«rl ujUi 


(3.045 x 10 4 ) - (6.853 x 10' 7 ) = 0.0003045 - 0.0000006853 

= 0.0003038147 
= 3.038147 x 10 4 

(3.045 x 10 5 ) - (6.853 x 10' 7 ) = 304,500 - 0.0000006853 

= 304,499.9999993147 
= 3.044999999993147x 10 5 


£^jaJtj ff-t J>r\ JUP h\jJ>\ j 10 ^-OtSt 


cl^Ll^P 10 6 ji& . oLil ^lijS/t 4 JL**v* t jl^P’t 2 

* . * * 

Aflljalt ^-JaJt Osa1x>-I tit .Ua^u jt ijj L«l£ *^4+* *Wy*-^t pL j-iit (1 Lp ^ ^ja-ltj 


2JS* (jA ,/2 It ^t ^J^ft ^i-^S/t ^-Xnlj 4fllja.lt 4-o^flJt Ot LaJ-LP tC^t dJbu 

' - s' * 

. ^ ° it IJLa ^5 6 0 JLA ^ihjLi ,4^Jj£ <JLJ t^jljJLP V y *11^1 La^XIP Q. «•>• l > A^r 


ujmaII 

jL*j i*il_jJl) 4 j1 i—i^ tj j£. 110 5j-Cj tju jjJJip i—> j4s -Up 

j5LiJl J\ 1—I J*a .Jl J^U- Jj_^- tljs*® - ' -10 tSy f (i_j J^a .ll 

:L$—<D iLxpty £•) jjl j aL.1 2^>0 »JL* 

(3.045 x 10 5 ) x (6.853 x 10 6 ) = (3.045 x 6.853) x (10 5 x 10 6 ) 

= 20.867385 x 10 (5+6) 

= 20.867385 x 10“ 

= 2.0867385 x 10 12 

(3.045 x 10 4 ) x (6.853 x 10 - 7 ) = (3.045 x 6.853) x (10 4 x 10 7 ) 

= 20.867385 x 10 [4+< - 7)] 

= 20.867385 x 10 n 
= 2.0867385 x 10' 10 

(3.045 x 10 5 ) x (6.853 x 10 - 7 ) = (3.045 x 6.853) x (10 5 xl(T 7 ) 

= 20.867385 x 10 (5 ‘ 7) 

= 20.867385 x 10' 2 
= 2.0867385 x 10 4 
= 0.20867385 

.2 Jl -2 & Juki ^Sfl OV if yull jjuJI 



^ cH 1 


JAj jLwO jjl) ^ ..—.A; (_$ j£ tlO iji) —£ 

.^wLaJl j£jJI J| <l«^<JiJ) £tJlj ^ 1 10 l£ j £ f • 1 <j ■' ‘i V (_5^ * ■■ d '^ 

;ILL- l»L*J>»i-<l ^Jl iJ^Uil ilAp^l ^1 )j\ ^jLc- dlli ^jJai Utfo 

(3.045 x 10 s )/(6.853 x 10 6 ) = (3.045/6.853) x (10 5 /10 6 ) 

= 0.444331 x lO< 5 - 6) 

= 0.444331 x 10' 1 
= 0.0444331 

(3.045 x lO^.SSS x 10 7 ) = (3.045/6.853) x (lO^/lO' 7 ) 

« 0.444331 x 10 H ' ( ' 7)1 
= 0.444331 x 10 3 
= 4.44331 x 10 2 
= 444.331 

(3.045 x 10 5 )/(6.853 xio' 7 ) = (3.045/6.853) x (lOVlO 7 ) 

= 0.444331 x 10' 5 -<- 7 » 

= 0.444331 x 10 12 
= 4.44331 x 10" 

3 «... a l\ <_^L»r>- {j, j£z V ij Lj jjtj ajl .^| Js 

* 

1 J jaA\ iJbfcJl J* Li jL-J .C->ljtj£-t ^jA (J jAJL* iJbu ^JLp (J y &>JJ *—51 

, Lj jS fUjVl Jb J(_>«-lJ f.LJL»Jl L^JL>u1l*o 4-3n-$-dl (Jj <_->! j-^rl 

5j5 

^ s^aII ^ A 1 10 a■. i^aLiII ."f j ^ijl j a ^ ^Oj JiP 

:^Ul Jliil -UtJ .<^^1 U^p c ?S 

(4.33 x 10 s ) 3 = (4.33) 3 x (10 5 ) 3 

= 81.182737 x lo (5x3) 

= 81.182737 x 10 1S 
= 8.1182727 x 10 16 

jA 1 J lm _f M .j <Jtj ^ O-i—S~ tel 




OL^pU jl) 4jvt\ jA :yufi oUl 


. jjj Aw>ljj djLnil 0jSsj jl ^jA A^l j£*\ c-^L-J-l Ap^jj jjl t^ULkP a^<Jp 

:UL- v ^1 j/it^T W J^U 
(5.27 x 10- 4 ) 2 = (5.27) 2 x (10- 4 ) 2 
= 27.7729 x 10 ( - 4x2) 

= 27.7729 x 10' 8 


= 2.77729 x 10' 7 


jj jaJ) uLma 

jLlpl f jl (3^*^ 0^* tlO d ji ( JJ J*U* (_-> y&~A ^Jp ' . J l " 

iJL*Jl jj<> L* iJu! ^ .**5^! jJU-l ‘}4 »jiU U-y^. <u~ii a-uJl y> l* 3-uJ yll jJLA-l j~S y 

3l»lS0l iijiaj c5iii &£. f . l A 4yHJ Ip* 4 — *> 

«9 

! jJLSi ( jp JtL* Ijlaj .b»Lc ai 
(5.27 x 10‘ 4 ) H = (5.27) y> x (10-y 
-2.2956 x io [(4x '^ ] 

= 2.2956 x 1 O' 2 


= 0.02956 

j^') f s>\£' 5.27 yil jjJrl . Jl (3 yj -li—>-V 

, * * * 

( ja\ jS/ Ijiaj 4j| Uiajl .JLuAl ^j^nil Ajj^r *■_ ij-* ^ L j J-^a3lj (41—L* j\_Pj 

jJJJb lui JLii t j^ai I <j; aISsJuj 4jLxj Li /^Jl -ij-A^I £A> o-wJl 

. 10 xx*Jl a j* 

AnjAUdVI tllaiJI tt-ujJuil 

<j ilJLP^I jl* IjiU 14-a-^aJ—I Jj oli c.. f.\j^a]\ <j Lg-prl y ^il _pty jl 

jJJJb fLili jLflj^ Jbs-jj jjiJb ^yAi l> Ulp yii 43 jJL* j t4>vj?ljj 4-«j^sxlil f.lj^ail 

. (43^ j £I 4l5vJj *>U3 4j^JCs^ j& I) yJjJjjL y&fj (43^ ^Jil ^ Ja**ol) \ ^Alil 


y^jL il j^iil J d^JLsi 4i^>U ^^Lp 4jJI yi j>IJLpS/I ^j-LUj yd\ aJ\j ?rl <J»j i- 

t^L>« .ULili 4 ^j^ ojj* Ljj< u*^lJ“l *li 

:4JUl Jij 3.830175692803 ^1 jLo^l 






3.830175692803 

3.83017569280 

3.8301756928 

3.830175692 

3.83017569 

3.8301756 

3.830175 

3.83017 

3.83 

3.8 

3 


jjjJSII 

j c. \jlj Jja^\ ijjb il ^ (JJ ^ 

Jju S-bJjlrl r iilil ■ ./a^ Q ^ tdjLjJl ^g« .11 (/■ Jj) ^ « 4 jL s. 

i5 < r < 9 jtf" lij U .0 < r < 4 Jtf" til 5 r jU. Jj l*il ji\ (ix.JUJl r L_;U-l 

ij* 'iZ-'j yjj^uJl i-—.LJ-I u 0 **- .( jj^j ) jl-Ai t.q s\y La-Up 

,3*j 3.830175692803 j-uJI jl ^ ip -I i ^s. t^jj-uJl ^(Jbwl <£j>? lij .t_>JU-L> i_j 

:UUli 

3.830175692803 

3.83017569280 

3.8301756928 

3.830175693 

3.83017569 

3.8301757 

3.830176 

3.83018 

3.8302 

3.830 

3.83 

3.8 

4 



4iurty : jiup uAJl 


UaaJ 

3 A_^»_Ju f.l]sL>-S/^ . A^JljyijJl d^O^SvJl ytj JLLP aJL>*I~»w« AlJiJl 0 y ^' 

X m .A-^Uill A**^JU aJL*.aJ| A^ v *-flJl JiC -^a ^ (J. 1 I Aj j JwOl f.L)sL>-Sl^ •;«*»j Ol-j^Sn y* m } 

Ai*>l*Jlj ^L^oaj JC a OlJl>- jj) D a Jjllall UaiiO .L^ojJ olJi>- jJL j 4-j^J| j010 JLy-Ull ll 

D a= X m - x , 

:a^^JLS aAjJA\ A^iJl J* U^JU jiMi UJO D p ^Jl ttaLl ^jU, j 

^p ~ (*m ~ X^/x a 

. 4-^.»>j5" A-LP j^xOl Ms jA.^ 1 1° * 1,^* AjL* Ms Dty^ (Js^-lLl ^ ^ -mx wJ I tjj^~1 

D % = 700 (x m - xj/x. 

Ail yu liAj .x m < x a 015" 151 aJU j x m > x a 015" 151 Ac *y jiMl tjaaU a*J 0J_^J 

*■ o <> 

0^5nj JJl?t JL-UU A^jiil C-J15" 15ij 0-pr y UaJ^-l 0^53 tlJc* Ij^S* A*-Ull — ill o—its" 151 

.UU ttsLl 

<J$ (fUil) aJp ^01 Ja>-\ l^^vai^T Ja ^AiL-Jl wll oLij oj y c£l 3—* 

1 g 1 y ^il A^jiJl i *yu \ $JL* A*«^JJ aOajiII a^aaJI ij\ (,x a a*o^aJ1 yA 1 —!l oj'V—* iJ 

a^v^Op a^*5" JLP l£“ P 3 JLp tjajL-l Lj51c cJu5" !LJj^?-l 3^*^”" c-^***o iflyta. ,J\j 

y yS' jjlp J>-1 Ujj oU-Li oJlp Jl>-L cULS5 .x a a^aJ J»3ri ^jw>tOlj y (wjlj^l j^S* t—JajA- 
^»JL55 Jb- JU ^LJ-1 Ja*- yi\ jf 005^j tx ml cx^ cx^ a^U- |^J j5 J5" coUUil 
! a 0 3b53i. Oli aJLj^a]! oU^^il ^1 Lp ^ Ajl iDJ 5 ,x a a^jjJ 

la^ jOJ ^j-P X m A^J ^Lol {_£Xa JjJj>x0 AAjLJI Uaji-l A^an-^* ^1-1>»I-^1 Ljajl 

•Or 4 ^ Or 4 ^J*^>- j* J*^>- j- 4 x a ^Lui^l ^^ 0^>- cx a J>S/1 ~ 


k&uJi\ 


L*jup U»jl4] ^_ A ^il oLLkjOJ 3^-> ^ _p *y 0^-wJu^ilj ttUluJlj <. 03 ' Jk_ 

c^ajAtLS" ajL«Jl Ajiil2^ oLLp JLlp , ( j^j^jJ1j ^io jJljJI (^iJJ5 ^lC .ojLxJl (J L^aju j^iaj 

yj oLLp"^^ *^j cdjtjJl o Ju& a^XA C-J^j c® y 3i 33 —aMj —iaJlj 

: JU1 JJLJi 

3^“!^! y* oj1jL*11 ^ ***>’ ® 

*t0y3^ J] jL-Jl 1 j-OL.4 ca^-S/1 oLL^^ 0^"^ * 

.{^aOI Jl jL*3l ^y 1 j-iL^ cA^. fc i»jtllj ujOaJl olO-^ * 

.<Jy*3l Jl jL-Jl ^y 1 j-£L* 3a)ij oLLp J^l • 





■^l-^-P^fl J» ll)l . AjL>Lw~Jl JbpljjSJJ Lft3j 1.0.^ )iQa+4*+~) (_£ J>r jLxi I & /U. It til _Ll 

,£~*^*l)l oLL^P ^_Jtll£- 4aJL>* JT (3 4—jJj ^A oLUjJIj 

[(2+3) (-3 -l) 2 ] 2 
[5 x (- 4) 2 ] 2 
(5 x 16) 2 
80 2 
6400 

{[2 + 3 x (-3) - l] 2 } 2 
{[2 + (-9) - 1 ] 2 } 2 
(-8 2 ) 2 
64 2 
4096 

.[ ] ^ C jl l( ) Wi* V dJlAfc. OjLp L+*J_1*1 

lijliil l«j-A jLjIpVI 0i*4 *L^- .a«5jL*^JI *lpI^ jLlI ^LjI lil ^«jl!I *,_ -^ 

z = -3x 3 + 4x 2 y - 12xy 2 - 5y 3 

jij*-* '—4AP^*>tI ^l^iij 4<]a-w- ^lll ^l-L>«JL<-Lf Jlill I-La <r~^ ^——5 

. L< jp ^«»L«w%* 4j Lf 4 AaA****^/I 

z = [-3 (X 3 )] + {4 [(* 2 )y]}- {12 [x (y 2 )]} - [5 (/)] 

1^1 4^j*I^ 5I cji Oj^ oLLjJI f.1 j>*l ^>)flI.»<»o tA-jA-^S/l Apl^5 ^lp LlajIjI Ll_J l 1_C.j 

4 AP^Li-l 4 J.}Ia 1I wL*i» 4.^1 jlS" IS| .cl-Lc-o Jj\ viJJi ,A»P^**1 ^——il 

. LaI^a Ua>- ^J J' j\P ^1 jiS'l ^jA ^jj j*lJj>wwl Ia-Llp ^oju 


U*ji f\lji\ 

(j 4 aU»I jS/I ( j^-C V 4 10 ^AxJl 0 ji JwU ^lj>LL*b <U~~JiJl jl 1 . -> j-h ll jl £l JL P 

j \JA>-j till J*LlS jJ .<5^ JJ^I djLxJl <j aaLAI ^lij^l ^JLp ^5^1 j j__5Lj jf a* .. 

.a^L /j ^/I aJLw-AI o^jljjl .MJpS/I ^ja c^I ^lijl ^y* L^aUjI ^JLp aj y>r I aajL-JI aJLj»^I 
^-L) j^Jl ij j^*S/l .L4 |fi* V 3ja>JJl d-LA j 4<i>«Jl l^L-^LjJI j aI^Li_ 4 ^J_li 

J b»li U>wj aJUi aJ|J-I jcjJ .y — 7.2 x 10 7 j x = 2.453 x 10 4 jL_ip^L i_^ 

r^LJ^l 



oL^bjJD aj^-1 ja : yup 


xy = 2.453 x W 4 x 7.2 x 70 7 
= 2.45J x 7.2 x 70" 

= 77.<5<57<5 x 10“ 

= 1.76616 x 10' 2 

sjL*Jl (j aHJ-I oL-^jT j; j jc ^ Jb" bi 

.UJLijj ^3i AijJl Jl iJb?- AJLLi jl Jl l&JLP AaiLJ' 

? ( ^ 9 LSj ^ ^ 

^>0P 3 ^lOP^/l TjA 5£*^lp ^j' <-J aA^P (_£b*0_LP 

jJl A*lU flij^l ^-IP ALb . jftl obbU x*p f oOp j£j <,yull 3 oL_JUU 

cJC ^0*13 (j oUbp ^jl Jbil <j ^>rji . ^Lg3' cylJ—A-l j' J—i-i 3 J 

<J,I c4^>L& ^ISjl Ai~* ^^Lp i£y^- 0>-b'j (—->l jJr\ ji jOj 'oJ ,y jJLuli j*-*-*—fiJ' 3 ob >L>-j 

j' !l- 3jJ-L) oj yidl yjOiJl p_$li TjA .2jy»Jj 

xy = 2.453 x 10 4 x 7,2 x 10 7 
= 1.8 x 70 72 

dijb«il ojLil o' tAjlib aJL* L*jL/? jo' ^Lp 'Oa f j A o'b/b*- <3 j' 

. Apl*j' dl^L-ll otjbij ^iJbw^'y jju jh\ |»i 29la ^Ij j) .a^-j jAt p-J £• Lub liL'S? 5ijitil 

.AotL* 43^S*il 0->'jbi*^|' AjbS"* o' J AA-J^ A-jLjA^' C^bxlJi3' oi b*j^P ^aII 

?jcy 4-r>jOaJl Jt/y 5-^-^ jtib ^b=J Ay bit ^ jH\ 

:JbJlT 

jc/y = ( 2.453 *10 4 )/(7.2 x 70 7 ) 

= ( 2.453/7.2]) x m 3 
= 0.3406944444 ... x ;0' 3 
= 3.406944444 ... x iff 4 
= 3.4* ia 4 


jliucaVl uC' IjU 

jLip^L j->- .AOb^ jOO A««*dj <w->'^1p obl**^>«JLJ aIj'O lP Ob>-S/' \^ JU . 3 (J - * 2 _^ o_J 

j^3\ t\j>r\ wUpj ^lijl Ai^> iwA ^y» \^ dJ-U.. x — 1.41421 ty = 1.41422 

i^gip oLmJ-l 4j«m (.UjSn j>-ij 





xy = 1.41421 x 7.47422 
= 2.0000040662 
= 2.00000 

^53 j 2 - 2.00000 c^»Lv=*LijJl <j .2 L*tf j aJ15"j ^-uJl li—* j. l j 

■ (0*Ai>^l ,y * 2 ^X 1 Jjaif lJ 1p ois**^ OL oSf G.H. Hardy ^ ^ ^ 

^il i_j1 j$>\ <j£-X> jc-^J XjSj 4^Ut *2a jl ,i\jj^\ (j ^.UaP-Sfl ( j&j u L*jb ~X>« j —j 

J^aj Jb-ji <2 ^-XaJI J j>- ^jw^L jJt d^ i-L>r t —-»ji l_jI^- 1 jt .2 ^-UJl ^ IaJJLJ 

L^l i± 0.5 Jl J-^1 vLJjIj £—* L^ 0^=2 of itu* Liij jLL^l L jJt j_J .± 0.000005 Ji 
Jp J - ^" jS/i (j-* v—Jl)aj UJup .^iJLii ^ J-aiL ^LaIL 3iLLl oi-ft <j 0 

^ ^ r u J^ ^ 


£jMj £*aJI ^aI^JI flijSft 

^ L*X>- 4 -^Lii.l c^>L*^xJl ^jl £ 4 ^ ^X-P 4 >LM .^-Xp ^jilw-J -L _4 

c^LL—^l $.1 j^r\i t^L^X 015" bj) ^J-^ai^/1 i-fi y*"^ ‘*0*j-saJI j»—a]1 4jL—5" 

.\^_Li*_j olil ^-Xp (J j2*j* J^-ioj 1 -jI j^r^fl ^ jf f i<i~£ j 

<-->ii < j^a«i 3 ^-4Li^» ^JaJl jl £-*-^-1 <J 4_*Li>l ^UjS/1 -b-l£ 3^-lJ 0 j^-j 


.y = 9.22 x 10‘ 7 J x = 3.778800 x 10 -6 01 ^ a: + y 1 Jliil J* JU A 


-aft jf 


) l< L i ^ j! ... ^-t 1.i_& 


a: = 0.000003778800 
y = 0.000000922 
x+y = 0.0000047008 
= 4.7008 * Iff 6 


= 4.70 x iff 6 


•tSjX’^f U 4mu)Ij i.Lfc Jy?t\ (3 ’ tj 

LJT V' 3ij .y = 9.22 x 10' 7 L^; <.x = 3.778800 x 10 4 jf JU 

x = 37,788.00 


y = 0.000000922 
x + y = 37,788.000000922 

= 3,7788000000922 x iff 1 

^ Jt. jS JSLij yjj 'i/j a: J^cdt yu^' OL^Sll ^/a—*J c5 y J ^ 0j — 



OL-pUjJJ hor \ja :jLfi uUl 


iX + y ^£>l" o! y\ <x Jj^ull ^ 4it ^ y JJ o! L* J-^iSf' j— 

tiiJi jjJj j^ii 4>*JaJl ^Lp 5jywaM jjtJl cl~a*j liU .^-jiaJlj JUP djJu-aJ^ 4v?jxJl ^ itfsj 

Ol 43^ ^ip (»_^L*P jj« i«b>~ U^jl jJ 4 ^ il ^ Jl 0^ ^ . )l ^ Ip 

)^j. , »^ll Ijsui-l ^jA 4-.J^3 llA y 4^*3 0^ . 4^~jjj jA L-fc y*£\ 

x + y = 3.778800 *10 4 

ol o M Av?^*Ji ^Ip .Ij-j lllp ^jSl f.L*-^>Ji (j^ G. H. Hardy ^1 p 

^S^JrtI.1 rUa imJI ^jP j^*aiU ^ip .5 JIa*J»1j ,,1-a.ll jjl_ tu 

(.1 j\*+&\\ *Jp Oj-b 4j*>ViH .ibu^ (j 4j>r.)g ? U ^Lj Ja^l 5ja-o»l jj 

^>*-L) l)I c4>«JaJi j Jj Jliuj Sr’ (_5^ ^ JjjloJJ Uji iS d 

JjLjj jlj cIgxjai& c^^s-jlaJl OjS^jLisiwx ^jjJJI ^j.tf’Uw'Sn -3 -Ap tUL*- djyu<aJi 2^^xJb 

.LftjjJj ^ qa AS^I^j jij 


j±j* 

jSLio *1l*\ 4jli ^P 0-J*rl lij dJL>r 4 J!i-jlJI 0. Sjj^aJl JUP J-sAd3l (j Jl ^-P 

.l_«->ll^3i 4 jL^ Jj d ^yA 0^ L«Jp 

J^Ujl ^-J j^i jA C.~».~j Oy^I^ * i ^ >r J Jl^ 3 -1 

.6 (a> 

.36 ( b> 

.10 6 (C) 

•6 6 (d) 

bUi .(Fx :U Uj^*j j) (flummox ) Lr S~ ULjr" 5 x^_) U^Sol U —it j? j — il .2 

V1 Q ^ flummox Lik> 

.(1 w>x) { JL. (a> 

.(1 nFx) j-^_jiU (b) 

.(1 />/x) .jP(C) 

.(1 *Fx) yp ( d) 

?2 x4 2 - 6 5^J ^ L. .3 
.26 <a> 

.58 (b) 

.20 (C) 



^JU)l jijJUlt :^UJt J-fliil 


SjLf- Uj SA*JUt Af^*1 iijJs J&rji V (d) 

¥ 78,SOS i,& ts Uj>Jl ^ U .4 
• 10 -4 x 7.8303 ( a> 

.04 + 7.8303E ( b) 

• 10 5 x 0.78 (c> 

,jiL» <^l ja jiT' <_—»Lll JSLiJl ye. jJmJl IJL* (d) 

.(kbps) 4Jb)L> cj jLS~ 480 ^ LUa>-j iiy 100 c~> j^)j\ <L*j ie-^ b—i 0—;t jpj —it .5 
L* .440 kbps 5fty ^Js- LL*»-_j jLuM J) Lj*i .-LS"!; JSy Jill *L^ _jJl ap^** jl —it 

. A^Lb dJt^t J^r j\P ¥^*l^isJt tAA ^j-—Jt UljLl 

.will# 91.7 jf c440/480 <a> 
.ylib 9.09 jf t(480 - 440)/440 (b) 
.VtiXt -8.33 jt <(440 - 480)/480 ( c> 
.ylib -40.0 jt <(440-480) (d> 

<^t l y»-^ .AaL* ^Ujf 4jb0 ^Lj AiJj iiJjfj 8.53 x 10 4 U1 .«a>-J 0* A-*S" L—.» Lit —!*l .6 

?^A il)l J ji.i 01 ^ .1 a: .. i aIaI^JI o>t-L>-^Jt ^ 

-iJb -j 85,349 Ji So*. j 85,250 ^ (a) 
•ia*-_j 86,310 Jt 5a*.j 85,290 ^ (6) 

.oOj-j 86,310 Jl 5-u-j 85,399 j* (c) 

* * 

jl \ (fif) 

¥UAI flijS/t jeJw-T 8.899 x 10 s j> 2.02 x 10' 12 c > a*-0 ^ U .7 

• 10' 12 x 2.02 (a> 

-10 5 x 8.9 (b> 

• 10 5 x 6.88 ( c) 

■ 10 5 x 8.899 (d> 

¥^*1 j*\ ^1p i£y^~ 4jL*p j ^ b* .8 

.ij* (Jt £»c3-«——aJt <i_J<£<^»Jrl (a) 

• r' jk!t_J ^-»Jrt tS-o—-iSt_j 1_J<4^ £»(b) 

•Oy*^t (C) 



jJJ hor\ ja : jlp ull' 


j*j jl ^JA (d) 

?oU* ^lijt *5^i il!i J-if ^s. •JiS .Je\y 78,790,003 U tiy OlSL. j.xp oi ,»I .9 

,10 7 x 7.88 (a) 

.10 7 x 7.879 (b> 
.78,800,000 (C) 

.06 + 78E (d> 

4-.U fUjt SJ^J JL^i £A 6.554 X lo 5 JJjJ'j 72 X lo 5 i-ul' y» U .10 

.57.15088 (3) 
.57.151 (b) 
.57.15 (C) 
.57.2 (d) 



CjUala^^t j 


^y** jjl |1 Lp J5 ^**j oli^-P ji ^l^xj o^lj^latf- <l — >LJl ^ j,„, .**Js 

jiS~ S J\ aJU! ^ y ^jjl N .^UjS/I LjLj ^ y ^jJl f J^**jJl -ls—oi l)} $l^pljpt> Sj>^9r^» 

Jj-^ajA-1 J,b)ljj LgJ-J $Jj^rl jLgisj'y olyJ,! £-LLj CC-lS^i -Li*I 

aJj>S|! -LsfoU- .Ip y^ L*Ap ^ ju^il jJl (j J& j &I ^J./adll I-L& j <_£j-i—** . L»»p ^Lp 

.l$i*>b>-l ^ip £_>l olS^UH aJLJI fj-^jJ^ j-Lj cJuS^ <_£y 01 wii^J?. <JL-£ 

. '^ v -,- 

, <g? _ -d,, _,> ,\,,J. 5 jtf ^.vn . 

S-laLiaJl uA^-latfl 

: ■' 

^Joj c((l-3) JSoJl) Jj^oaJl y Jjy- oLW^I ^L-Ju i! - 

{*r~»ji ( i^J*?(jjiJf jj£- jl JC j_^l ^1 p y~* y *xy <Sy ~~-^1 jl S~l*L*zll iS^LffU^yij L/ a . jl 

v_~-jl J_^ j-L l) ^o . i^. j >lyZl( JJ^- jl J&^df jy& 

Olwil J^iC c5jjy-^' J* • L f 2 *^'' Olp^Ap c(UJb 

.^~Jl^Jl jj^- oL-i; J^ic <syf: c£*iil <u~iJ Jbljdlf 

(jil jjp! 4-laij - Jx4 AjJa^it ^JjIxaB £Jjaj 

L»5"” - jii ^li pJ*)b J,} ^Ull /y* i<J^Uil k-y-J y a^l-pi 

''J* 

. , 


flx + by + c = 0 
ax + by = -c 

by — —ax - c 
y = {-a/b)x (c/b) 


. 

iigliii; 

Ii®§ ^/'33&"'. 



>L*bUjJU ja :jLp 


y 

A 

-- 6 

--4 

-- 2 


<1 11 111 


I—I— I—I —I— I— > - 


-4 


-2 


-L 2 


+ -2 



CjUjII (j j±uiA :(1~3) 


<s j A^bc* ^$Jaj .b ^ Oj tA*— a*a>- OjIj— j Cj cZ?J jj vi ~*—>• 

a «t * * 

j ^oil j^rUJl y 4^j ^ jisll Jij rfy j * jc j IIJic afct . Jjb£j*bl 

^U; A^ai j y 5^J JUj k J«bwJ .w >\A> aJ p ^-A l J^.dy/dx v-J' ^^ .x —* 

Lj jJ 0 j£j ^bdbj .<._;Jl jA\ 

m = -a/b 
k = -c/b 

Jp ^/^p/ - J.La j^Jb AJiUil AjIiS" o^IpJ ^£Lc 

>> = mx + k 

:^L U5" cA-jjl5vjjJl J$ A-JaiM AtaUil ^J 

>L y?l^Ipl Ajsuaj — (J»i ^^bcli Jjj>- • 

.y = k <kaJl ^j! • 

J.i Jp oO^j n Jyjl Jl Jilil • 
-mn J4-SU jt) mn JLpSU Jiil • 
.y = mn + k *4u5l <kiJi p—jl • 



jli l/or\y : jLp ^L)l 


Of Ji cJUJi JAl "JsfyS Jbwaj" r i:,Al Of J! ^ J^_il 
jjp <j>^^-*lAl ^Ja^-Al 0| . ^isl ^.mAIwA' 01 Ai JAl jyZ+j^ i j y J 3 jLiii'yi Ojlp 

.jjLyj? ^Lp ^-^w-Ai i_.1 «2 tAfc c4j^/ 


Jxa - AiaAj 4 -JaaJI ALIxaJI £ Jjaj 

. * 

•A3 4j jf y {j^ Aaa> ^JLp j%-A^Al 1 ^Lii ^p__ 


rO^C ^|jL>tI*A A\A-1 dJlfc (j$ «JLA ^jP iwL>r 1 J^XJ <UP C^>«-J l£A Jl -A f-J_?r Oj—^O 

4>jl*^> AaA) C^LjIJjA j /ft ^-ALwAI ^A 4 r-Oj-Al A-& -XJ -■»—4—Al/ A isA-l 4-taljtU 

^o^o) 


y-y* = ™ (x— xq) 

A^lAl A s w^4 ^_Aj At> As —^All olj—AM —7l ^ —£A, 

: J-^-aAa) 

Aa-flj lM A^Ull <J^>- • 

>-W' tWo) ^A' ^ • 
.^^Al J (x 0 ,^ 0 ) • 

.p-*-**^ j Yl t_^y»A3 ^JAO ® 

.(Sj^-j mn- JA-SA jf) m« ^SA JAI • 

•(^bO'l) ***> 0?^ J* £f # 

•r^ ^ (*i,yi)j (*o>yo) oxj-^ • 

jAlA ^j-^—A ia) ijjj ^ aJIiII AAM o^MlAl (5—3 )j (4-3) ^—sO^J 

)Ijl11 ^j£- sJLju IgisLaj 


7- 104 = 3 (x-72) 
_y + 55 = -2 (x + 85) 






jii 2j&r\y : Jup oUt 


tr LaJ^I Je jUScVb 4JaaJ1 4 JjIxa]| jUj) 

l)UI_a i-L*S . Qj P ^*rUa:lI j*-J SiUj ^.. U j Ljlj ioJ>Ulil (3 OVI I-_jl j _**! 

■ ' t * * 

^kti .J_j ^ ^JjJ .*L_v(3 S-*-»j jJl Jif-I<_£Jia Ij 6I iLaa«*« 'U- A- l l: U a: l i 

I »!* kail oLWl 

p = ( x p> y P ) 

Q = ( x g > y q ) 

L ^-a£~0.1 ( J~* ^Lua 

m = iy q -y p )/{x q ~ x p) 
m = iy p -y q )/(x p - x q ) 

.q J p skaj HjjA i oL‘u>^i js. L r a.*-U sk£-j~. ska 

\L ( Jic { jcky^z ll ^r 4 ^ Oli 

y-y P = m(x-x p > 

J'-.ty = «(*-*,) 

^ AJix* 

3 _v aj 3 0 j*j vi~>- aji^ki oL>iji>-Vi j v*^>Ji skull ^ii^li ^kDi Ji c_ 

.(JjS/i J*aJi J>* Oj) ^-xLa}! ^J^-^Jl 

y = ax 2 + fe + c 

itaUii ^ *(V4Jy 01—i ca = 0 01—S" lil) .a ^ 0 0[ —>- 

(Xq, jv’o) ^IiaOI oLj1~A->-1 N j' ^.Jb- tiiLJl 

x 0 = ~b/(2a) 
y 0 = c- b 2 /(4a) 

AjaJlLJl tliUaxjl Xii O^j^j ^Jl AjaiJi ^iiali oJ-pLaJl a]ojh 4 l a All! oJ-A 

J*>^ ^ 4-iL>| J^Laj £jjl oJlA cJ >yu liL>> .1 jiup ^»wJU ,j0-*il L^-J 0j—^ Si 

pi .Aiiljll jy p-5 tx 0 j-* jt 0j$J ^X (j (^1 p N ^ 

0^£j J -^0 J* j 5 j jL^sl* 001 k-a^j cx 2 j tXjJ tx_ 7 J tx_ 2 x -kliJ! 4-^aj 

^-2 < X-\ <X 0 <X l <X 2 


X_!-X_ 2 =X 0 -X_, 


Xi~X 0 =X 2 -Xi 


JUljj .^iaiil Jj£- Jl 4^JL| 0 ji^L‘ylSU.l ^Jaill ^Js* -l^Laj OJLSi ctJJ ^XL — 

.-LjLaJJ Ajrl L) Liiiij t(-U?rj viJOLi gOa 10-Aj) -^-1 -SoT 



OtUaSil J^iJl 


a < 0 OlT lilj »b4b U-jii. k*l£Ll 0 a > 0 Ob' bl .iM-i_> a, 

aU?b l>- yjL* ybvll all 0 


y=x 2 + 2x+l 


x 0 =-2/2 = -l 


A Jti. 

.•aJUI Ai_d' jba^b 4*^ 


^ S-XP-Ui! ajai 


70 = 1-4/4=1-1 = 0 

(*o.Vo) = H. °) 

:ajyi 4>Ujl f ikiJl 9.0* ^y* 
X-2 = x o - 2 = -3 

y_ 2 = (-3) 2 + 2(-3)+ 1 =9-6+ 1 =4 
(*-2> y- 2 ) = (-3,4) 

+ -i = +o“ 1 =~2 

7_, = (-2) 2 + 2(-2) + 1 = 4 -4 + 1 = 1 

<*-i, y_!> = (-2,1) ta^b 

*i = jc 0 + 1 = 0 

y , = ( 0) 2 + 2 ( 0 )+ 1=0 + 0+1 = 1 

(+i- 7i) = (0. 1) 

x 2 — xo + 2—1 

+2 = (l) 2 + 2(1) + l = l+ 2+ l= 4 

(+2-+2) = (U4) A^b 
b^iAj .(6 _ 3) y» _jA bob' A>yUil A»~«jM JaliJl J 

B JH» 

:aJUI Ai-^Jl jbip'yb J^y 

y = -2x 2 + 4x - 5 

^ »JLf-Li!l J»Ui 

JC 0 = -4/-4 = 1 

7o = -5 -16/-8 = -5 + 2 = -3 







tj* ^.(7-3) (£ ^w?^* jA o^ixll J?li3l j tSy* 

.JsLaJi aJlft 



.y = - 2 x 2 + 4 x -5 ^il^ll ^Ul ^j :( 7 ~ 3 ) JlA» 


0jUjH 

r^Jlill 4iu^aJlj jcy is c) o/IjJ/a }^i jSLtJl ^la.in 

(x-x 0 ) 2 + (y-y 0 ) 2 = ^ 

♦ J3b (8~3) £w?jj . jJ^aJI Y Ji*jj cayljJl jS"(X q, ^o) <J^ <*—-t— > " 

^1p ^jcwyaJl ^-../ai I 1 ajjijJl ^jS"" j* L^-.—_3 u)^___^j ^ ll 4 .. .y?U^-t 4 , ^ 


x^y^r 2 

J J £> 6 J\J^\ aJlft ‘(-r, 0 )j (r, 0 ) ^>X £-* SyloJl ai—ft A^lil—; 

:aJ^“jjl ayb 4^^a>- ji5"l 4jb- (0t —f)j (0c Y ) 

x 2 +y=i 

i?UJl j j^^sM £-* Lbjl -(- 1 , 0 )j ( 1 , 0 ) -J^UaJi j x «- 3 t ' 3 —ft ^Jali:—j 

•(0,-l)j (0,1) 




Uaj^j £j£1a\aa 

•Oy^ J>\ oh -^Li5" JjJJ-i j$£ 

a jeu 

^ J5" jJi£ -£\ yj x ^ s-^j c L >uliUil OH^ <^- s — Wl OJ — if Jp j — s*l 

>> = X 1 + 2 x + 1 
y = -jc + 1 

L&cjaau ^aill ^ ^-iu*sll £L?t£; j .(9-3) L j£^< Jl (^ 4_4j—^y* o^L .-nil oi—a 

JJ-I -UUJ 01 .c/^Uil J-* j-^jSrl oAJ> <U^ ciJ 11 j J\. L>- i J *-ji 1 jyX 4 


C*i> yi) = (-3,4) 

fey 2 ) = (0,1) 


Oliaknll idJlill 



B 

:L* y-* j 4l>-(yy y>^s. Oi* 1 ^ uv*^ l-L* 

y = -2x 2 + 4x -5 
y = -2x - 5 

Ijyio* L^yj^JCj ^iSsJj ^LlaJI £_/• .(10 — 3) (J 4> y*jA o\^Uii oj A 

AjJjljil ^jA-i odlJld 0| •L^ > " 2 j*" 

(x l>yi ) = ( 3,-11) 

(x 2 ,y 2 ) = (0,- 5) 

UkJ> jl !jl?-1 j jl j&\ <jd.5ljAl ap01 ( j^ aju . l 5 i*-* - lJuI_Ssj 

Ajad h Jj>r j 131 jJL) ^AjIaj J^IajlS^ L»Jb apJ jl>- . l3*^^[1 ^jIp dJ >• 

.(jul^Lfcll ap a—J j oijJl ij Jl>- /? ^ ^xj jJLUi jd:>U_Uj Alidl oLi>«dl ^ £. UUJ 

J^3j b£j? OLT 131 jJrl fUb^ld ^ . J^LU ^5 y.JUli IJL*r \jA p_.,^1 jy-s4 

oJUxx o'blblxll C-OlS^ 13| o'y^lxil jdrl uJtdl y* 0jAl 1 -La ^Ld 4jLjJLil 

A>U> jujl£ ^ 4*w*^w*» jjl jjji ApLwmj .ajljc* jL^d ^p ojLp .*»>jJl d- ilS"* 131 ^1 

.APj^^- 0*X~>r- JjL-j jyxjj ^^** ^Jl ^dUL 



jJJ jA :yup 


y 



olS%Jtj _L?ULJl y* i jP jj-jcJJ aJLjJj aJjlj^ 1 ? 4u.tJsaJi <Ssb — ,IJb-yi (_£jZ*~—■• j\ — z*j 

j^-3 v. * n -i^** jl aj b.^.-ob'"' ji .a^jL* ill (3 

blip ^jajaJl (11 — 3) ■ ( ^* r j A cii Cf ^ 

^jaj <b-t^l aj ji^jl y* ololj ~b-i j . ubjlyjl q Ajjljil Cj^" c£ y?z ♦ 

# 

4j tlJLa*> < 2 J-b £^ Ob" • L /'j^il OJ-b iS <^1 5yljJi ^iai i_ft.^all jL~-« aJ j 1 ? Ij —Jb 

" fi 

jt 27t a 1 *i£J 1 5yiJiii j : JSLiJi L$ 1 p 01 oJLblc ji . °37 <j> JJLi> j $1 01 ^ 1 :J$1jJI 

.4P-L~Jl c_^> jLaP b<Aj ^ Ajjl^il p-^jJ .OLplj 6»28 

.O^Ua^l A^t>- yaju JJ j-* ^^JaxSl fUaJl (12—3) ^^ixi 

aJlfc OJ^ j j oLss-jjJLj b* gf AjjljJl ^-^P <_£ jj>r- . L*ajl Jajosxil U-fc $.LJLpj SjL>*Jl ^JL>tLw-u 

^Uaj iJI^jIj Lc.j ^JLp^J -fcwftJli b«-b Apb-Jl c-^jl-AP d\_^-Ij Aj^ ij _Jl 

<_£jjLil jl Aj<j 4-^5L>-J CU C^jS' Ajlixlil jblJJV 5 3 —* ol iljL?“)fl 

(3 A^jajiit ^»til la<*nil ld-A j^Jaj .A^jaiJl jbl^j! AJiLi L^l ^ 5 ^ y u ^ > Aj^Jr 1 

* * * 

•L 3 bk-*iJl ( yA )|Jb ^pL-Jl c_^jLaP dl^-\j A^UL® olkj 



oUaJa^til 



3tt/2 


.eljjjill ^k A j. Until CA£\±^\ <^£jj Lula l ^11 “3) 



. lA\o\\ j 4 Aj^LgJI j tcliVL^jVI ^k ~:^12 — 3^ 


>L->UjJJ h*r\y : jLfi oUl 


uLj! ±aii\ \±ia UfcjS5 jj)J AJjIsla 

.l^JlP J j+aJ-\ (J&L A^U-* jIwJlI (j oLJIJL^-^J 1-V* j* • j\ _^u 

;aJLJ| Aw.^aJl* j 

r = a 

^iU-LS" 4 ±AJLlc .vlHi (13-3) j£-iJl m > Oj { Jh^’ *•** r oi > - 

(j aJs^o Ua>1 (v-JL* t(4-Jjill) AJ j^bM AijJ 

.oJu*ljcil oLjlJL^^I J$ ©JLa*^ Li'V^Lic* 0J AjJajflJl oLjI 


tfjii (Jii 

j>- Aj! jl If- J (j <S oLjIJj*-^' pjsu -^>r jj 

^|^k/?Laj ^Lp o-i-A (3 jtcz+j* .^CiJJiiil \Sjt J AmAxII Jw?Uiil Jdu * *»*j 

. j*V! L^jc* bJL*l*j lil ciJ^j jZ+*> j c^5*3 



3tt/2 

.CjUSI^V 1 ^ UjSj- ojSU ^iill ^jM :(13-3) Jlill 






MjJj MjJ 

a^jSH 5^Ja~- JaUJl £-}s\y> J->-j ^jSLiu djJd! UjJj (jbtjj sJd£- 

jci^aj jo (}*** *Jp ji\ ^y^ -Ua *&■ (1 ~14 -3) £w»jj t3 j' 

ujaiil) +90 J ^JaJl AjjIJ J^IaJI aii> JLl~u .A-J? jty 5^fsJl jdLliu jc^?r <j JOi^lj JU—L** 

jJLp Aj^j^Ip Ajjtj; jSlI S^sJl £ j* Jr 4 ^ '(<4J*^4 i—i ha ft) —90 JjlaJl AjjI jj 

dl^L^ \JLwhj ®L^1j^ L?r^* A-^j l)^^j ,0 JajjI j aJ <alw*o 

tyjLip £*j (ij apL-J1 c^jIap <jlJ_jlaSl ajj^J (j^ .*1-la>- Jl a^*«— JU 

^ ,^%)gflll j j>lJJ a ^ jJL apLw^JI 

- 90 <$s±\J*jJ\ h jlj < + P0° 

- 180°<3 l>tl JjWV>l)< + 1S0° 

AJJX« Jujaili £• jAva — J^kJl Aj jij ^jjl 0yijJl vJj-*aJ yC jty ^Ja-^ L? ip 

A^v iajJIj J_j)aJl XjX£ (£ j£ .^4.*^*/^/ JsJ^f yf j& (Jyb JaJ+z 

.JaSU IJLL 


ajjU^ji cjbjj^yi 

* j 

< j/?yJl Ajjljj (Jl JjJhJl Aj jij3 £ jL^Jf Aj jfjj AjjLa^Jl JjJaJf Ajjfj J) ^AJ 

JjlaJl Ajjljj AjjU-vJ| ^y >yJl Ajjlj oUj1Jj>-J c£-lJl jJl^sJl ^iaj .tU-*-Jl ^1 A-J?jSfl ^j\ j . it ^-l 

jjSO < j^jSi^ ^tja-w*» aIiaj j> li^JajI ^.L^-miJI C^ - cPj (X» j) aJ AjjL*-«J1 

‘(x, y) aJ Jl^J'JjWl oLjlaj>-i 

j^suiii ^ jM 

+90 = ^1 jiaJI (_>^J»ii AjjI j 

A 




180 = ^1 j^JI J>J1 A^jlj 



-90 = ^lj«JI JjWajjIj 


+90 - ^\ jiaJl JjUl <jjlj 


0 “ AjJ 1 j 


j2mjjC Jjla JaA. 


“90 = AjJJ 

c < 11nfill 

0 ) 

AjojILo A^jJajVi ej^li ^il jiLaJI J^iall ^JJJ Uljj ~~14 “3) 


jJU W-l ja : jup oUl 


J jJl^Jl £>1^. J y^-.Jij cJ/^'y/ 3-L-^J 

j»il 4j_jlj *-» (dec OjU•ai*-!) i—Siy^l ,JjUa^ .^UiJl 1 -La J} — 14—3) 

<la>vJJl 3 3 ^ j *w»JtJl (Jf-k&yi y> y- 4 lf-*k jt* (RA. ajlval^-l) —«3l 

y* 4 >Jj 4 J J*jL) d^lpl-wkJlj ^^*k>o3l «,^31' i JL*j 2. ) 3 J«,r3♦ l,^«3 lj»*J f “Jl 

* Jl-iJl J^*i3l yij IjIjjJI Oj^j ,djS \2 360 (3 5pL** 24 •Xptjj it-.*?- cc^bs-juJl 

-90° < dec < + 90° 

0/*<&4 <24/i 


^jLojyJI L jlrfcill 

dec = +90 



.* 1^1 ^ cjUil^yi jUuV (RA) <^1 j^lj (dec) <JA :(*- 14 - 3 ) JL^I 


j£ft\ ^J&4& f UaiJI 

t((15-3) JSuJl) 'jXifl JjISCjJI f UzJjL jU,I Jl iJuUdl oUW^I J_;Ji ^j-p-u 

x jjlil Jo:>U- aJUx.J.1 oV^ pull ^y .xyz c-U^l jt J^Ltdl - fiUaJJb Uajl ^ju j 

d-w>- l 5 *$V1 ^5" y>*5" <3* J j)* J j>cdl ^ jij iyj 

5j>rjjjil 4 JJ 7 I £-^i**Jl5" jl tS^aiLjl ^jJaiJlj ol^^Jl Ji> £- jJsu-5" j^Jaj jl tc-L/fliJl J ^y*^J ^>*^7 

^Uil JLp 4^ij cut^-jJLiJl July j^5o 1 5-Ja_>- S^Ip oU^jJull j.4^JLJl o*!A^l 3 ^y ^_Jl 

.oUji jl yu^r jl 5j>rjJb A-Ja>- jjP oU>tJ,l djjb ol jJu Jj£j Jti y^j .aLS'Ij 


oly £j)a:,~5 Jl 3jl^^0l c-U^a-aJl 3 ^jly^l l 3 ^ oly^*xk5\Jl jCju 

^j g^lJy uti! T^Pi '{J**^ ^Ll^\ j5LiJl ajJj ^ylJ oj j>J^l p • *^ j! — 

.j^IjaJ- 1 y-^jjl 3 <cJi jl «yjJJ ^3^-j t^^SLJkl IjIjjJI y^ (3^*-^! cli J* 2 ^ (3Z)) ^Ij^SII 



oUaknll :dJUll J-aiJt 


y 



A.UUI *LiiL LiJ 4^ *U»a :(15-3) JiiJI 

■xyz frUiiJI ji 


f-UnJl J5 -IpLojJ! ^_v?lSJI^UaJ ^16—3) ^ *i?jj 

<_g L l (3 (J I jJ j>»J txyz tUiaiJl jl y*^r bjjJ OIS^ lil ^J^Aj 

i* 

tt,L^ajjJl b$ p ^jfljjj LjaJ oir .jc \j^\jajl <pLwJ) „„ob^l j —lb — taj cxy 

<t^A (1 q , r, z) ^Aiib zx>4 P Ob .P' y* xy <J >a~ll ^Ip l$k3w 0? ^yiJj 

xy (jy~l\ J x jj P } ajj!j5I = q 

IjJlIj P (^butSi i^Ja ./ai) JL*Jl = A* 

Jty Cijp P (£liJjl) = z 

* 

-XaJI Jj ^ ijU^a-4 c£ *'•"il 3l l j—£j>, 

.^JliJl 


CjL^pUjJJ I 


z 



AjjjSII uiLjj 

IJlA A^JUj .tUiaiJl (j 4jjy£if <J^>LJfJ->-yi ^IJiJ (17~3) 

Ju 5iL-il JlC ^jjl r jkill jWiJ A*U?I £* J!^*Jrl ^Jp yJl Aj j!jj jlJ jiai\ Ajjlj ^Uaj f Ua .L_ll 

<L-A. (long, lot, r) AJ^Aiil; P AjaiJl £3JjJb£ ^'-U*j P AjaiJl 

P Akidi Jjjail Aj jlj = Lowg 

P AjaiJU Jp ytJl Aj jl j = Lot 

lJL *j P AjaiJl ^ju (jiaaJl owaj) -l*Jl —T 

JL>rjj . jJIj WjjJl fj* { ja ^obrj^Jb Jliii IAa (J JjJA {£jp *- 

<* 

.Zjjj&I <SsLjJ~L>~yb 5^lp t^ljajJl J$ C->!jyO dJLP 

(<^a£> - x) AjAtjjlfr^ i-A«aj (iLjjlJAVI 

^jA ty*r <J Js»laJl ^Jt>LLwJwi 4**^ C~>L — *U>- y/(18-3) jt — *0ji 

* * 
j</3z i n .L^jojLp^J jA cl s )a>- ^Jiu-A.1 jjA <L>j£j .xy 

^•j , ^aJLwj jl A^j>rdjLjj^l C->l^ ^Lp’ y j (^ *“^ A ,o»X*Jl 

\ ^Jj ui" liii jS£++*a^ UiL'^ (JiiU iAa 

-/< JC< 1 

0.1<y< 10 




h&r \ja : yup u-»Ul 


fj* jl j £*I .(10 iSjA-i) (18-3) <j y —£ 

(%-*'*' J (Jtlll <3 . I ^ A v 3 ^y l)^^> l)I ^Jt>" (3 ^ 0^^-? t<ii—Ji 

5iiljil ^JUI (J ji~ll t(JUU- <u^S Ujc?!-)y jyM L~$^p bl ,xy j^J.1 jh Jlj 

^JUil Jyujl 


“ y) AjlajjjIp jll) ulygj LjUjti^Vl 

Cr 4 3 J^IaJI JbJL>xJ ^JL>«JU«ll Aja-JjLpjUI cJwaj (19—3) ?w?jj 

s* !« 

^«aJ1 ja^.16J . I .]g„>» jjP <JtbaJjjlp^J *Xy iS j Z~^ \ 

j < j^c .(iJU- jl <^>*) ®Jj>-i^ii 5*-^b ^■ ^, *'j <pA*jl 

I ^Jb L*bS*" Ij&l j AZ***~» ^ U l a 1 \s * a l )j£j *.».» *y~, (Jlii.1 l3-A ^3 


0.1 <x< 10 


-1 <y< 1 


jl ^>S"t OjSsj Ji .(10 i-xJl l£>^) y* (19—3) j x j^' —£ 

Jj^ 1 0«O^ Lla (Jtill j ,\jA+p x C)j^j lM aJI^- ^\ j Ji 

4jl$l^il {.Ij^rSn £«jUJl {£ ^*•3.1 2JU-» t(4JL»- 4^J Ld.*^!-) J£ J Lm-~^P iij .xy (^^yU*Al ^*^4 £jlJ__llj 

^liil (j'yu 


y 



o 


1 —h I f+f+H - 1 —I H H+H ^ 

0.3 1 3 10 


-1 -■- 

•ij^y jj*~*j x jy^ ^^^jjIpjIII 


c tuVi xy juh *\\ :(19*-3) J&J«A 



OlUa*ll 

CjLuI^V) 

y* f.y>r 3 ^*51^1 Js>UJl Jj-L>*iJ ^Jw>»jLw-si' 4L +jujL£jlfl yi (20-3) £t 

dr 4 ^ ^ u& uij^ ^ *xy 

Lk5"" \JL\ b&lfllJaJL* jjSvJ <L~+£ J y^OT. • jl <L?r0 JL>~I j a^J» oli 3 jLM 

: ^- 

0.1<x< 10 
0.1 <y< 10 

jjjjjA 1 ! (^l ^3 Oj£j ->i .(10 l$j^.) Cj&j* (20-3) i3 -* ~ E 

(►—■j La £w»_ jlt JLL J •'0<l)t aJU- <^1 (j^i. V ‘2JJi jivsi Ji j£\ 

^jL)I t£y~S\ 2^ cL«^*i5*" «A>-I djLi>| ' ...‘x p lil .i aat xy ^ 

•c?:^i aftidi ^jSii ^ ^Sl laiijU 

y 



.^.jlp^Jlxy c 5 ^ 1 _II :(20"3) jSita 


0.1 


10 



jiS am*t\ja :jLfi ijUl 


[£ ^Jp i," - dJ-j^r 0^^-* . djjjtjs. li -Lp Ju,^a)! |j-& -P 

4jli J 6J5 0^ LaJp L 

0 

Laij J^Ujl ^aiJl (_£ j.:.,J,l 2>JJ~ . 1 

.5iLw (a) 

*^jOj (b> 

(C) 

.Jyij\ jj 5iL«i (d) 

L* 3 oLi>udl C(J,jI$oJlJI (j ,(j <jutaU^ oLj>«^ J dW j—.2 

ap^*3t aS"^- iJLl j^xp j-A 

(a> 

(b) 

.OLil (c> 

.OswJl ^1 p J^v£5>xU aJIS" ol*jlx^ ^ jj N/ (d) 

c^Jjjlp^1 cJwaj oLj'-X^^M j .3 

,^ij\i-^ jijjA I >r (a > 

■^■ij^'i 1 y^i ^ij ^ , - i-ai (b) 

-^■' ( c ) 

•l^- <_r* J*" (d) 

?o"jl5ojJl oClJb-^l j '^'j x 2 +;y 2 = 16 sJ^Uil ^^>.-1 ^UJl JSliJl U .4 

• J±>- (a) 

( b) 

■V b (C) 

. J^jJl 3i^*1 iJIS' oLi_jL» ■Xx-ji V (d) 

qj jJaSil Ouaj r t«Ljaill oLlU^-'yi (3 til 4 iJL«it L» .5 

■r = 4 (a) 

•9=4 (b) 








.r 1 + q 2 = 16 (C) 

. aJ^UII A»ytl aJIS" ol»jl»L* V (d) 

aJsu-I^j aJ AjaiJl iJl>*J ^JLSlj I*La <j i£y *~->• j* l —+ -6 

^ Jl A*~jJlj Aillitf- Ujj 

.A-Jaill {£jL~a (E) 

.AJl(b) 
.AjJ^Jl ^£y+~A (C) 

, AjSjLvmJI d^lj^wuwjkl £jA y*+j*A 1 (d) 

jlJiuf ^j>uil jl Jfi j&\ .(21-3) j a>w =>y Bj A j iJl .7 

?jubUi! (jyli a5"J j)J ~I ^JLP y> L* .^UVi j 

• ^ ^ (&) 
.J^l>- a-Ap (b) 

.J>W cr* ^ ^ ^ (C) 

.AS"yjdl J^U-l iJLP Aiyw (d) 



.Bj A jW u .7 aJLluaII g-A-x^ajj ^jojj :(21“3) 

.^Ijj V J^2u <jl.&AA quiVi a I I j J_pa jial 


OL-ipbjU h&r \ja :yup ulil 


ol ypyi\ .(22-3) ja Bj A <jutaU^ Lil ^y>yti .8 

Oy^ ^ Jjl^-4 ^ap y* L* .^jLi V 

• J 9 - ^ (3) 

.J_^U- oAp (b) 

♦ </* v ^ (C) 

. J jLU ifcXp (d) 

01-^ ol ^jpy&\ .(23—3) <Js ^p%^pyA Bj A lic^j Ljf f ypys\ .9 

?jdiUil ^“U aT yjui\ J^LU jjlp y> L. .J\i V jSLio 

• J 5 " C5' •*»> V (3) 

. J <^- »St- (b) 
.J>*-' o' y (C) 

.aS"^ jdl JjJL^-I iJLP 5iyt4 (d) 

? yL Mill ol4lj jjl^l ^ C^' N OLWl (£yL^A C^l <j .10 

.oJL*l»iil oLjlJb-^fl (a) 
oLJlJb^l ( b> 

oLilJb^l (C) 



V J£*ij / J jpfll .BjA i j&Aju a & 1 nVu t8 ^LujaII ^jo> j l(22”'3) J$u5J 





•BjA (j/A^iU^H Wwi* .9 <4 ^a 1S ^j :(23 — 3) 

V J^A 1 J- 3 ^* cj nWA l J Jial 





. 


JS^ /*\ 0^ Ja-i* 0 ^y*i t) y^ y? ^\\ Ul* ^jA ^aJ L* b)^ c«-y« i.,^u . 

*APJ (vb^M Ji*) J 5yy> lil ^^ail jfJLJ jJLip ^pj .J— 

<Ip-L—* ^ 1*U > 4jsIaiI 1 ti->j ^pUl*A 4j J&Si' L*l 1 ^jyl ^aJI ~ ~ ’•'r^ 1 > ^- : 7,' 

Cj^Jj .U y.1 c^LJ- b*J r b^ IT j ~rl>l Jl * *1 ^JULp -J JUb j 

^ ^ ^ " §HQ&Sgara: 

• 4 /*> -V u uj-i> dyi 

4tiiJ-U . UL?-^ b*~b“ S-Ll*- 0^bj^iJl (j oJU6 obL*^l f.1 j3*j[ b>j[ 

^ Vv‘ l :^bVb^';^£ 7 /77 r 

jb>*l^l .J-^aiii Ajli 3 b)b?*l/^l fJLi ^ ib$A* J^bdl dlj"j-i3 ^ -^flj 4£p*)l *JU ££*l| 

^>rl jJ Jj . \ JlA 3 (J^--^ cZ->bb^ 3 oUb^LL^l J^T £jS4* 

_/b jaSI\ Jt-vV ■ ^*rbj^ ^Jl 4»../al l ^b£l J,bJbj j*-jil jb^LL^i ^C-Uj »l»f J^aii.ift 

.(_£ j^= b* ^1 p li-LpL^J obL! a£- ( jP LCjj S^tsM. i3^| 

i ■ } 

: /> •'•/"■ )? ' s: . > n 5 *\y ‘ 

<J>1 ^^y^ *-b* ->j*j j .i-^Aiiij c-bj-iJi 3 ) ^*'^j v^b-'S/' jpIjJBV : 

J-ij .^1 ^ ^jSll -Ujj ^jS/1 ^lai 4 -^-LlA1 jjJJI frWjdl 

tiiJ-f' J-* 'jht' (^-bll ^-UUJ J! V-^b) 

4.. -Iplji J-pl jaJI dJL^J cJLpI jaJI dJu^ 4 j ^La)I ^-JlJLi| ^1P b)^ bf jjjt ^5S**t^ 

-^i 

PJ||| 

A^killl IaU 


&°y j* 


ur <* 


oIjLjJU ^bJbj t Ql:lyaii* jliw-_Lj^ jlikJL ^ b)f 3 ^* 

:<l-4)J^^ 



4 Ji 4 *^- 1 jt : uljl 


P Q 

L < - > - I > 

-u/.U-'M :(l- 4 ) Jiifl 


.1, 0_) ^ t* 7 * 

/* j* J & *J* (*-«j -U>-_yk £ |V .a;~.U • 


LIL <^1 ljjL4 

aJUII OljLxlli (J,Liljj . oJj>-'j 4j*ilj jS' J^LilS Rj Q* P jl ^y» ^IaJ 

.S Jb-lj jJjl iSy+~-» cj Pj Qj P -ULaJl £-2 j • 
J^LiJl 4*1 p £jL (^Ail JL^-^ S {£sit ® 


4 Laj n 1^4 


.n — 1 d-t*j c^wUlil (j 1$*-^- £-A> V a[ ,/ 3s: a 4—Jaij ft tP„ 4... 


; 4j>s^>x-s^ 4Jli)l oljloJU (J,ti)ljj 

.« djJu (7 iJ*Uai j t... tP 3 cP 2 <-P\ • 

.« islSJl aJLp £y c^JJl JL^-c^Juli^l i-UaiJi yb /? JmJl [/ *Uai^ • 


4iLub«D (jjjjj 

U^-Lj J-^aj Ja^* Jy? Jp ^ dl^-b P r_y* Qj P 4jL«—JL l J—* j 

.PQ h\& 

I iu^JOAfl 1^4 

♦ 

Q «JU>-Ij 4)3fli JaJb JL?ryj Jj>TJ,\Jbj .Pj p J\*UAi Cjy. SjJa3 LjjJ 4j( y?ydi) 

.villi (2 ”4) . PQ — QR Rj P uy 4*)aA)l ^^Lp 

PQ = QR 



xail i^xa :(2“4) (J&uJl 



:g \jll 


jll OjjJj 

M -0J P OX ^JL^I ^ L .4JUaij> J?U> —J i?j £)j P jf J-—£ 

<_£(J £} aIaajJI <3 Z\3u* A/j I 4 j jijJl 4jb5" j&L J,IiJIjj . R y> <L/?\ —Ll 5—*JaiJl 

<!>*.J o\j^ oW JbJbi ^ bl . ^ JSLiJl J* j Z QR 

<J»! A///• 4-^bL* J,J ZRQP M J,J L y 4^Ull 5jjljJl J,! ZPQR jw c^-LaJI 

.Ob^lj3l jf obrj*AJb LgJP ol~-L5 ^J,} objjJill oj-ft y j> ji .((3-4) L 

R 



Q 

.l^u»USj ajj! jll ujjJj :(3~4) 



U5" Rj <.Qj iP c^*>b]l J?UJb 1 180 y yA ^ PQR 4*jb® b>oJ ^ J?Z^ 

L* ijaij s zZ bl .z PQR z*A ' * i MZa* ^\z jj>?jj J,blb .(4 - 4) z 

.yOZ <J>i *i j&-\j ^\Z J&rji . ZPQS — ZSQR ob lQ y 4ili£ My 

M 



Q 

.AjjI jll l Lalt Iaia !^4 - 4) (J£*£J1 



OL^bjJJ ho?\y : jLp 


JUbufl 

.L V > R Z 5 tj c j fl a « 1 1j jA Z/ a j 

(^ij^lp AZ 0 O-^J 5 L* ^JaiJ j Z/ |»J b^ il jJaij j R y j£„ M Aa^i j.—>4 jj J-—>-ij ^ ai^s—- 

.viJJi (5-4) J&Jl £*»jj .L Jj> 

M 

,\ 


p 




0 

90 


S 


Q 

• > 


. 1^1 iM' Ijua :(5~4) tjiuill 


<* a .&-.,..a\I 4thftH i. hm\L* 

** 


4 .-ow>jLL. 


-L*4jj "^"b ^-J — J ./?J P uy —iaiJl ^—J Ju^a—J 

4j jLw» Q P y 4iL*dl oj—Sb o *—A Q <hJc —Jl <j L 

(6-4) ^w?jjj ^j^Ip 4*Jai ,J^J JlxJlj j ./? JJ Q y 4iL~JLi 

.viJLSS 


L ol Jej -jil 

_Ll 4_daill a. _JaJL M 


M 



.A^u^lLwiaII Aa.lifl)' ljju«aU IjUa 1^6“4^ (j!Lu*H 




jL<» u Al jJl J -^1* 


Cjl£luiA21 £ jla j £-**, 

jZ (JLJLj .Rj P (jy Q 0<—. : £ L j*-As~Jbl u»u; Rj iQj i P _I 

t((7 4) L Al J^1* ^Ip 4*«<IJL* o>*liL*Al lAlAl 



Cilil matt ^ :(7~4) J V « ti 


PQ + QR = PR 
PR-PQ = QR 
PR-QR =PQ 


yjj® c>j £** 

Ujj)l 0 SjoiJl jj^A 1 ..A p~~* <Jy~~* J A>lii ‘Pj i Qj ‘P 0^—^ 

jr aJUl oVaUll Jz JbJLj .(8-4) jSLsJl £ y L_vT < ZSQR j t ^P0$j t ^P0P 

:U_jjJl oL-Li 

ZPQS + ZSQR = ^P£W 
^P£>P - ^P0S = ZSQR 
ZPQR - ZSQR = ZPQS 


s 



Q CjK* : (8“4) JiAll 



jU 2jot\ jA : Jup e-AJl 


VTl 




UHb 4J4LUI LjljjH 

Qj P Mj L ^Ju Ujiiw Af <1 >Ij: jl ~ii <i)i ( j> jidJ 

4 _ii r Sl! jitjj ‘LUb ifjLxll UjjJL ( 10 - 4 ) jCUl jUil L,l jjJl ^03 . ( _ ? _Ip 

j l jlp L^u w r .^J.t Oj5^. .vy^b ^yi' y_>y' Wi >yi y ^ j* 

.x =y Ob' bl .kiij bl M 



■ Sj jLA. blih m^\ Ujjll :( 10 - 4 ) JS 4 J 1 





<jjui4fl u jjfl 


P ^jcJaJLilj A/j L Af . jtj,jl *P** 0 Mj L -«il jf ^ 

4^oi) y*Sfl ^J;k*jj <JjLzil bfjjJb (11 — 4) J$ Jt l-$Jl jULLi bijjJl ^—Lp 

j Z/ jy««iu*Al ^Lp Ij^^>*Ip Af j^^j .4 j LptjL? 1 ' aJ^LiI! lA^jJl -y jLiJJ IjIjjJI 

.jc =_y jlS^ bl Jaiij bl A/ 


/V 



Sj&SU» UjjJI 

Afj L £-kij U?A r . jt> jlji* jUJLu-—« A/j L —i! jl Jpj —i&J 

1^(12-4) j£^Jl jwW! jUAl UjjJl .Jljdl J*QjP Qb l faiJl 
^^Ip lo^>«I p # jj£o .aj a^kLill UjjJl .Zj cyj cx l$Jl jLiAl L»ljjJl l? Ip a^J6 ^—*^1 

cJl^ bl _Lai j bl <j\ i jtplj w=x=y=z = 90° = n/2 jlS" bl Ja—Sij bl A/j L —il 

.2Uli gjty 


laM 

j> * t. 

P jS>. A/ Jail JL>-I jj Jj>-!j ^jC^a Xstjj . <l1p Andlj j%P '^oju Pj Lo^al L jl j —liJ 

jl . 4jI A-^Ajjil <3 oU»jL*Ai ^_ftl jj>-l Ijuil IAa .((13-4) ^^s-iJl) L iSj^ j—ij 

j^-jAI^AI Ula ( Ji a ^jA j£\ -b*r jj jl c^jilvJkl l-L^S”"" Jb»r jj V Ul ^kj IJUll IJLa 

4>U>I ajJ^UJ^AJI a-vvJj^JJ ajjIjJI 'Aa ^aj Jl^Lil Lf \ —i •♦♦tAf 3 j tA^j <. A/j 

.ciXliJl A^ljJl 4-w^Jl C->L>^)aJJ ^jy>i.Igll iiXLlIl f.LJbJj iy^\jyJbS 




L 

4-► 

.if j \jali Iju* :(13“4) 


JjLUt *ubuD 


Olx]ajL» A/j L Oy*-OL~*ll *)\S" 01 .A^ojj <3 O l MjL c f ^-1 

ijyjlA/j L L) U . j . « « l l .A^ ls 1p ij^U’ A/j A ^ ^—S~ OI_j tA4 Ls—!C U ,. 2: ..—* 

•((14-4) J£a») 




015" AjI ^S"jLj Ji .U aJl* U> ^^ip 151 aj y+A\ a~-JjO>! ^S"5 Jjlp oLiilb jSju *\ _ l 

j olJoLliiL a^JjcII AjjiaJl (jy&ljj—il j__jI ^ ^i—L*J oJl Ip 

.jlju ju>~ ^J,l Ui#L£ ^ 1.51 a^j^j ^Ji^l j^Jail /-^5 ^—*j cL*jl —*2 OJi—*!*> 01—S" 151 

01 oLLil J y>- A^l ^i5"Sfl J^LiLl j^*xl**J ^^SsJj caJIj La dJL^ Aj^U a^* cL-^_>* 

.U 



<L*iJLA1 :g\J\ 


N 


M + 




L + 




.JiLU :(14-4) <J^ 


ALaj - 4jaij - aLaJ 


oljL*il 0 lp a*>Ij jjp 4.1. ^i <.* J?Lij —t ** 0,3 ^ 

.<Yi5-4vl£^h <JUi 



^ icl^iai -Lliil! Iaxc :(15-4) JSJJI 


. T viJdJ c/'JJj l5^ ‘Qj ‘P • 

./?j **0,3 ^ *~*33j l£-^ oJb l l 7"* * 


^Lua ~ ^lua - £lua 

4 *-JLLwJJ ^JaiJl a~U> tZ/j cfj c5 j .4 ^ai^» ^Jai f/j c 7 j tS 

oU .((15-4) £*-lj) **0.3 c/* l 3 t/j t7j tS oL»U Lil Jpj — ik$j 




OU?b j)A h&r\ y : jup uUi 


; 4 JUI oIjLaJI 

.lilt* Uj iTj lS • 

. Cl J iS C. ■ 171i lj-A Oj^J • 

.( ( jSLiJlj (j 4 jL>L»J>) 4jL>\]oZa Wj c/j tS J j!b\ j^S\J oliiiil • 

- ^j'J - ^ 

Ji>f Ji jy -*^ ^jA 4)3 A! P j . ( ^t I ..i -J < ? »<* P J *5 

Z 3 aJoaiJI 1 j x 0!>^A> 7j 5 ^ yp 0 *s ®—^S/b 7j 5 

jl)B oljUJl j jSj JUbj .((16-4) j£-iJl) 



- ^jjl j - ^ CjliL. :( 16 “ 4 ) JluJ 

.lilt* Xj c7j cS ^X>o • 

.jl>-j ^a Z 3 <0ttii5i <3 x 7j 5 4p^up\ <w-. ltU • 

.aijUa^ oliiJ> ^a x <jjlj J!>lSLioj s UAi^l ^j^- ^ olikil • 

4jjIJ - gL* - AjjIJ 

S Aja-^l mA^JlAI bljjJl yj x ^^ UbjaAill Uli 5 Li^b A_ 

oIjLaJI Oj^vJ ^bJbj .((17—4) ( j£sJtJl) (7 j Z 3 j^Uai]Lj jl^c ^41)1 A/j L ^ ** ai *+ S\ jj 

; 4j>*^> W 3 4 JUI 
.lilj> jyj txj tS ^wL>J • 

. jl>- j oil* y> y j lxj S aJs^I.sJlsM uiJLdl • 
JJi ^ 1 *^ 1 ' £-* x jiaUJL^j t 5 4 J^b (Sy£- olilill • 

.4jajlial* otdt* ^A 5 4 J j!b 







•*j,I j - - S^jlj CjISH. :(17-4) Jiilt 


^iiU - ~ ViU 

■^^0 yfi Lo^S"* -L?Lflj (3 £^La£>^ (_£(J5 O-’Lo-*AXa**-» iV_J t-A^J <*L — <1 

:4j>w;j*w? ^JLili oljL*Jl O^J jLJbj .zj tyj or J?liJl eX* Jj WjjJl -(18 — 4) (J 



.zj j or aJWjiJI UWjj 0 j£j ^Jl oliliil ^ ^‘Li ^ ^-jj • 

djj^^aJL cr J j 4^-iJ JSl^Jl Li) 44l^> oLdt* zj iyj tjc Ujj diH ^Jl ohiiil • 

. (4_ —oj p-?r«-i»l Li j j^j jl 

^xiulll (JjIuZa ddioJt 

Uj^Ji Zj tyj cjc -t/j t/j ts Lil^L»lj [/j iTj c5 b— juJ 4 —;! jpj —iaJ 

aJLJ! oMj>U1I ja It jf ^■>! .((19-4) J^_!l) J1 >l_JI ^—Lp f/j c7j cS «U 4—LLSli 





*=y 

y=z 
X = z 

.4 ^-Lv^ jlLI (jy^Lydl (_ /. «c— • ii«»* ^.i«l<Ll 

• .x = y <,s - t 015" 15] 

.y ~ z it = u 015" 151 
.x = z 0U ts = u 015" 151 
.s = t OU tx = y 015" 151 
.t = u OU cy = z 015" 151 
.s = u OU ct = z 015" 151 


£!>UaVt ^jlutU £JLd 

5JLUii IjIjjJI zj tyj tx .wj tfj ts £/j t7j cS ap!>L>I cJi- L>a 1 4_>I —iil 

:^?w5 cjyjU*J' j* bl ot jpJ*\ .((19-4) £*r\ j) Jlyii £/j t7j iS yk^>yS 


s = t = u y x = y = z 





lM\ iukll oljLxltj (JjUz. vUiLl d\ J yj JbJbj 

■x = y = z < 1 )L» is = t = u o\S~ lit 
.s = t = u 0 ^» ix—y — z OlS" lit 

I**-*- ‘A_Jj JSLlJl £ Xi’S'/ y>jL~i* olilill ^Jr JUb j 

lijjfrljuS AjjIsj 


id Fj iEj i D APtDbbalj Rj iQj lP -blibJb jJ^I ajjIjJI j*jI* viJiit bj-J Ail ^ 

aJull &Uli t>j& Jb)b_, .((20-4) JiCiJl) UJUJI SijljU JeUil ^UJl/^SU .Jl^l tej 


* Lib 


<^* 2 =/ 2 

c 4 -oi^- 4 jJLjL*J| 4 ^ 1 * 1 ^^ l£j L d AP*A->I bJb* JL*J bl O-i-A 

. aj jljJl ^515 lib* Ujllp cJiil Oj^s: 



.ujjjcljja :(20-4) 


Jaj^A 

ls^ *0 l 0 itf ^t/j t7j c5 AP*>b>ij c(?j tP J^UJL ij.hll LjjJ <j| —iii 

c^ri ®AjjljJl Xj t£AJjj)}\ hj to-if'LiJi J^L? S .(21-4) (j jw 3 ^ j-* 

:^Jbll Sjlj-^Ij B Ja^ ^]o*j jblljj ,tj S buMjial ^JUJl ^jycbaJl 

B = 5 +1 + u 


Aftfl UitdA ^IulaH 

^ 5-jUIjJ| Jb-UJ jSo: .(21-4) j£-tJl Jl Sy jlp *U,U :>a*M ^lii! bjJ 

14w«,yaJt 


A = s/j/2 



OL-i?UjJJ jA : Jup 


P 



.cUlUI :( 21 — 4 ) JU»St 




•\>r Jl .^pfjyjl y*.~*A Jj J>rJ 4^Jjl i£ t ^P'X) 

j' 0^4 ^ ^waJi jjO *• ^4^ ^ ^ tf »«)a t AS- ylA *^Lfl*lySL) oJ—P 


. f.b^*iJl J oJLjl* 0^^-) 


^iUaVi jUaSi 

4jJai Z) .Sj tZ 3 4>baJb b-L£ (_£ jljl* b—jjJ jl —3l 

< Sj\j^ (js»-^Ji) cfjSiiflyJajJfD 0j£o ^bdbj .(1—22—4) J5LiJl <j J* b*J^ Z?J P Ox J-^aJ 

I^bUi* /) ^ la all 4^2 -v-I^j o-iJbM oliiillj 

AP0P = APSP 

jhdf E Oj^o <JbJbj .((^-22-4) JS^Jl ^-'j) Sj t£) ^—*Ja± P —1 

:~4Ju\hzA E a]o^\jj ojsjls^^ oliixll j iSj\ j4 (j&-^Ji) 


AQRS = ASPQ 


£^LiaVl ^J! ji» jUaSl ‘ Lu^Z 

ju jkiJl D -Sj iRj <.Qj iP £)jSll JsUJt ta-L£ tS 'J'y* 4>a! l4 Jp yA\ 

^EjDj* JS JUA JUL j .((23-4) j£iJl) S } Q o* j-Wl E o^b-i ) ‘Rj P 

\<ej\]ai* aJUI cjliiiil ^\jj\ jli cdJJJJ . T ^JabaiJl 4 

APQT=ARST 


AQRT= ASPT 

iJ»& C)j^s j tL^_baju <_q -/i i" Ljjl) JIS** lil ; 1 */sA ^—* y* J} 

.^%0>\ (Jj\yA 







w 


(1) JJL SJ^JI d&l :(22-4) JiAfl 

.SiUal* £-!AjJaV) jljid {<—>) ^>laill jl 


P Q 




OU?bjJJ jA :yufi 


& & 

oijL*i! ^ Ul ol ^j& I ,Sj (7?j J^UuJIj bu^w* ^ZKZ\ (£j\yi» LjjJ Ail ^ yj\ 

!ojI>- juJL a**#L oj> LIaJUJI 

ZPQR = 90° = ti/2 JMj 
ZQRS = 90° = n/2 uU^lj 
^R5P = 90° = ti/ 2 jbilj 
ZSPQ = 90° = ti/2 

^JUx* jAj t ^ZKZ^ ^ ‘90 aJjMjJI LIj j)I ir^" c/^ 1 * ^ S~ jb—Slj_j 

.90 bjL~« <LL>-b Ajjlj c_jl ^L* D_j^j JbLj t((24~4) ^4**^" iiOai* aJsa-LiJI sbljj 

P Q 

— • 


S R 

■ N,U-,..„ £zSi\ ^jliL» jjSj g;jlUiUI Ujjll diil£ bl :(24-4) JS4J1 

JJalm^It jUail 

tjy. J-a’I^JI jJajJl Z) .S_j ti?_j <■/* £ijSll iaUJl; bJj»w* j*y* bj«lJ *il J?j •*' 

e <-*j^-\i E SS 9 Si •*/ <—* D J! j-bJ .5_j Q Cv. i? —' J P 

0 

c£jl j!* OlS" LI :Us2jI £^>L>S/I <>d = 6 OlS^ LI .((25-4) JS^-i—1*) 

djljfljl c_iUT LI laLi 01 ^n «w. w ,d — & 0L c^. ^Jg ***^* ^ Sfl 

. J^IaJl 4 jjL*s1* 

jjjLjl jUafil 

POvS*lj}\ >ill D .S, ‘£j t gj 4P J»UJl bo~i <^jl _p bo) Ait J*j-& 

j* t j^PS^ <Sj\y^ oli <E D OLS^ .Sj Q Zt E 

^ J3 

\jl* jl S' :L/sj\ - ((26—-4) JjlaJl ajjL*w» ap*>L> 1 ^^ X4 <j— p 

,dJ-^Ui« djUa^l cJlT lil Jai*j La* Oj^j ^j'ji* jl .£* ^Ip Z) oli cL^ 




A.,jet.;At I :^jtjJl Ji/lfllt 



.JjUl jlLii :(25-4) Jiill 



UL «1) Jil J ti.jaaAlt V- 


If 0 ^ 

T j ;P/? <_jLyg^.* 5 tP J?U-JIj taJji- lili* LjjJ j! _iiJ 

jAj 4<— fj2*JL* STQR C^jji y** PQj ^"■^ ^* m - d -***^' tA^i^nJb ‘PQ lJ 5 -^ 

m j 

a*— iuJ.1 4jt JaJijt J^1? uU ttiU-iJ .((27-4) ob jt_^ o^jLiu jIaLs^ <u# ^pLj ^1 ^* 

./(£) 5^J.I UaiJl J> OLvaJ _,L~. 57 



.iEU Jib UijaiJt <ui :(27-4) JS-ifl 




OL-^UjJU *j&;\ y ; yup oUl 


UA J3±1a1\ <jjy| Ixuijl* 


lPS ^b/a ll 1o-^ha T { j^1 .*Sj <.Rj lQj -l^biJb aJbM <1 ^>cjlI! bjaJ <01 jJd 

J .PQRS <-i^/ <lJ>1u.jX.TU UJiiJLl Wail ^jj .0? ^Uil ltu& - Ha UJ^>3 

j<Jbjbj .Sj lRj lUj <.T i^baJb 3J3M ^Qall N . 7j tt/j tP J?bLlb ^JUail 

TU A*jajiji J jb siLo^b .((28-4) ^J^-iJl) <1 j>*±A 4-4 5 A/ ^ 

0 

(^t-444^-1 ^J^xlb) .l a : yA jP* TU (J jl tM i£\ .SRj PQ 4-y*il-*Al ^jgol) (Jl ^i?l i^jtUd .1 b^bww A 

.SRj PQ Jt>t 


M 



.4-i*i -Llluj-u :(28~4) (JiuJ) 


^Ljll jLill AjiiUt bljjll £>*a»« 

<* # . 

5jjsbtiU Jblbj .((29-4) J^-iJl) zj txj cvv 4 -L^IjJI ®Ujj Lpbj !ASo baJ j! jpjJd 

:oU-jaJb 4*»Ui bljjjl CblS" 131 4 Jvl£- 4-JbJl 



.^Ujll JSoiil U±\l\ Ujjll :(29-4) JS-iSI 



4.»« uU ^l 


w + x + y + z — 360 

\*jla£- aJU ]1 <]jsL»tiU t jtol ^\j i-u-li* oJlS" 131 L*f 
w + x + y + z = 2 k 


3aj\A 


j* b *S~ ej d ap^L>I Jl Sj i.R j i£?j iP -kbiJb b-^ jl yA Lj-U jl 


^fj^yA -la^ tJbJbj JjJ* /ij S-LpUJl JjJa i/ .(30—4) —!l J) £*—■Ay 

:aJUi ii^u p 9y~» Sfi 


P = 2J+2e 

£>L<aVt 4 aLul*JI 

^4 AJbMjJl aj- 1—.J. .I ^)an7 .(30-4) (3 biLL** a.A^t (j. jl^~» bouJ Ail 

A - dh 


P Q 



-C^> JLilli d = e cJS li] .g-XiS/l ^ jlji. ^.b-j W. :(30-4) JS4JI 


(JJXaI! Ja^4 

jA AP^bbal JljJalj Sj iPj ‘Sj ‘P i»LiJb ( jl*il bojJ Ail y> j—ijc J 

Jl^lal ^A^T" (Jl ^ blPi .d ~ Q *— ■ ((30 _ 4) J^--3l ^^rlj) As^b^- A ib- 

;aJUI b*.^lb B t j**il 3au^ ^J-awt .d *—3^J-b ^*^**11 £^^bbl 


P = 4J 


O^vli AjIIUI ^LumI) 


^4 <bbL0l A>-b«il ^boj .(30—4) J^JiJl (3 bLb* j-A^I t jJ«il bjjJ Ail y*yitA 


A - dh 



OL &\i ji) : yup w>U' 


JJaluLAl) laf> a 

fj y y US" ej d Jl Sj iRj iQj c P -L>UJVj JJai-ll UjJ 4ji yjj >.J 

B J-iaiwJ.1 Ja^ ^^laju (JUibj .^U»jVl Jji» g 5JL^L«3t J_ji» d ,j£~) .(31-4) jSv-iJl 

:iJUl 


5 — 2d + 2e 

P Q 


e 


S d R 

• £J^)A (JSuuillj d — e li] .Ja3agtn«\l a^Luaj Vij% ^ :(3X“4) 


JokLuuJJ <*tu^l 

^4 ^Lixj .(31-4) <3 U LjjJ 4jl yp y& S 

A = de 




jJfc> jit istyjp I jSJ t£?j iP JsLaJIj £jjit 

.d t-J 9 Jl *d ~ c ((31 —4) ^-1 j) <u^L>- 3JL>- 

; 4JL1II Ot^aJL B £_) ^il Ja^ ^)a*j 


B = 4d 


frjtU U±\ll\ *Alyu» 

A aJLs'IjJI ^Li*j .(31-4) IajLw i-iil ^Ail yp jjl] 


A = d z 


l! 4a*i 

gj ifj (.ej id Jlji*lj 5j t£?j iP i?UJlj uj*u-i L>uJ <jl —iaJ 






Ajjijll X tAplijjl hj c^J5^>fclll A-0^ <J^ia d .(32^4) ij ^*0jt j£> \— 
^Jill oi JpJr*d 'gj d (ji*ivaJl ijv 1 AjjljJl y 0^-^J d Jv ® jy 2 — 

5 <-3^>wd.l AJa^ 0 _^j ^IJIjj ‘(PQj ^ 

B = d+e+f+g 

P f Q 



■ i—i‘mil Ajjuj a^Lumj Ui^. :(32~4) JS-»iI! 


uij*i*JI <UiI 40il4« Aaiunll 

A <i>-l*-Jkl ^oju .(32—4) ULL** ■—*^>oii 4. .* I r ^ *1 4 jl j ^ 

: 4*.-.alb 


A ={dh+ flt)/2 


A*ua$U3t £jJaait j jj! j.iH 

j)^aj A_^»J>r- . (^ j lwii (3 JjVjwJ LiP'i ,L-3lS^ 4^gA*^»«Jkl -Ja^Ja^1 pt «<* ) otj^ ^ -* 

' * * * 

JUl^l A-^uib lilaiil aJLJI ^4 Jl 

fli -bj tJa^-1 .b*lpjl _r^ oL>^ll ol_ » l<Sj _>-' 5 _pr j_*j 

A^Oa i aj L* (jij IgjUa jSJ £^*aJl JbM j^> 4j ^LaU b» j| .bJL>rl ^ja a IS" J «jJ\j 0 j* *JpL Ji\ 

.aJLU 


S ji\S& hj'iA 

iilj <.B ia^l *(33-4) (3 £y*y y r U^Jai tJwaj 6yb LijJ jf ^ 

*aJLJ| Ajt^vaJb eyljJJ (.jyffjJl 


c. V . 


B = 2 nr 



JS iwj-l ja :yup oUl 



i 4aL*aII 


A aJUMjOI a^L-JJ .(33-4) ^jSLsJl 3 liL. ayljJlS^ syta \jjjO aJI 

I A» ; ,yajl oj-ft ^IJl?w,vIj o 


/i = atr 2 


O^SUll gtf» 

P * c 

j^ 1 ) r i^ 1 ^* - tJw2-i J^1? jj>o Uaib UjaJ U—jjJ jl Jpj —LfiJ 

JUbj .(34-4) 3 VaS* (^Sj^^Jl s j j ^ cJj-yp —i 

IaJLiH 4_~j yiiSl Ajc^^rlL i? 



. (j-oalil! *j-*e\\ a^Lumj :(34~4) J^ull 

B~2n [(r 2 + s 2 )/2f 





O^SUA jJail] AaliUI ^Ul 


j *)ajiU 5Jb>-)jJi 4 j>-LaJJ ^\uu .(34-4) <j lit** JSJL^I L^2iLj L*Ja3 LjjJ l)I 




^ = n rs 


^aJij ^kutii a^Lum 

^jb<«»lt oLvL-I obdl ^wall jjpiaju dj-& .ibu^/l ^ ( Ja;—J b—Pi 0*^lj 

A~-JLlAI jjuljjaJ ^-vlai^ 4ji (£\ ig*Ja*«* ^Ji ^Aj f.Lsii jJ& 

.(A^aa-^JI £.L}J*aJI (J j^P Li>l j*-PjJl ^gip) f.bj*A)t C? A>«^W? £-a-m 2J1 dj-ft 


u S } * * 

JUju .((35-4) j£-iJl) h ApUjjIj a <X^L^ £-Ua>» 4 j“JpIS bj—* U—uJ jf —XaJ 


V = Ah /3 



Ja jj^aII ^kwi A^Iwm 


J^LiJl) «-LeUJl //g tJ»_»>J.1 j-tj P j .1 yb aJJLpU Lbjytf- baJ of 

-bjj£ ^ 5jLp jjlSsJl j^£o dJLpUjl JlP 40 j^Lp PQ 4*aAIaaJ>I AnjoHl Of 



.((36-4) 


l(PQ 4jJaiJl J^b) J^LajjI A cS-XpLaJS ^Jal ^Jua) V 4rO^ J 

5 jja** 4 j-L«w 4 jblb .P 4^ailj l yljJl LJ ip aUa) (£f L-lb ^>- J_^b 5 

.1_jVaaJLa]| i J l.**y/3 ^ ^ {_£«A^*b (0 <ApLaJ| 4io «/3 " a) 




OL-£b jjS <U^-I y :ulJl 


5 = rcr 2 + n rs 
5 , = 7cr 2 + 7tr(r 2 + ft 2 )^ 

*'_ ^ It ( 1 j ** ■ 1 ^^2aj 


T = nrs 

T = nr(r 1 + h 2 f 



yk fui*Ul\ p**, 

4-JUMjJl 4>-L-Jj y4 ^Lp Ajwlpli lL—J wU jl j —IflJ 

0j taJpUjl i£y£ c^JJi X (J y~Al (j ^iaij g j P aJ-plflj 

4j*JaJsJl Jj^ 9 ) ^ *((37~4) X PQ —il 4—*Jai]I 

i _ 5 Um JULj (PQ a^a^J. 1 


V = Ah /3 




j-wil r^jljit 


i+m *ajku-vi gk*i <*l-* 


0yb J* Q J tAljAa*-^! A*i oyb £J* P j .Syb li-Lpli 4jljk.*l LjJlI ot y ?jJd 

a*-aJ 1 ^^jb tlr 4 l 5^ 4 ^ Aiw><J k i Abigail 01 ^Jp .((38-4) ^J^-*3t) Al^ja^^! oU frli 

Lg-pLdJjl /j ^-^Ljj iaI jU.^^/1 J^j eJwaj ^ . *L*J& 4j jfh 4jijJa«*l Lj jJ Oj^>i ^J,b—Ibj 10 U—plaJlj 

A*-flJt J yb A»-L»A AU-ya:*) 5" AljJa^Vl A>-L~* ( ^ja*J ^IxJIj j ‘(PQ A*-a^m*U 5—*Jsb&Jl J j —U) 

(SjlpUJIj 


5 = 2nrh + 271 ^ = 2 nr (h + r) 



(S-LpUJI J a*-aJ1 ^jjb a>-L*J>, a,*«/3> j^p) J 1 Al^ja**^! A^-b*w* j 

7 = 27crA 


ffflUl cj>hfl ^IjkyiVi ^ 

K c>>5 i a ^J .((38-4) ( J^JJD ^il) 0*^1 JbA^l A'lAilLjjJ Ail ^Jp jJlS 

jM >1 ^yu// j/>- y/ 

K= jt^A 


'Ltl^ 4JI jlxbul ^Lui <aL*a 

0wIpLa] aJL^IjJI a>-1«JJ A .y*>* tsSy - ' - 1 * - * {$>**•* l£^ <L»Lp 4jljJa**l Lj jJ aI { Jpj 

0yb Ja^ ^Ub) ©ApUJI 0 yb Ja^ 5 .(A*iA*j 0 _yljJ iJs-lJLil A>-LJJ JUlb) Ail j.U.^1 

a*jsJI ^ j\$ y^~ ^ju <UbaU]l a^^* 1*J1 jl ^LiJjl h . (bajl a*ji)I 



cjL-^UjJU aj^\ja : Jup oUl 




J*UJl J-^aJ PQ <uA xUi <j \j SjlpU 3I oyb ^^JJl <j y~il ju h j\^\ x — 1 .«a — pUIIj 

Aj^aJLll J jb AJl c3 j>- J S yJt taJLpUJl l ^Jbj A^iil ojJb <ju Qj P Aiiljil 

A^*jajl Qj\$ A^“L**Jl AU^ial*^ jS A-jljlfl^V) ycjb^ A>1»^ ^gja»7 ^b)l;j .((39~"4) A^JalwAl 

(dApUilj 


S - 2A + Bh 


A = AaLu*a11 



. ^U>><>J <jl jlajuil ^>-kj <akLuLA :(39-4) 


^oApLftjlj ^^jb a>-L*Jl j\P^ 7 1 ^cja^x A^-bw* 

T = Bh 


^j\jSa*J { \ * a y a ^ 

r Ljl V ^ J*4 .((39-4) J£juU J&\) <ru\ i>J+\ iJl>-VlT *i\ .jk-l M AJI 

Jil>! r Ul^ljjL,yi 

V = Ah 


I j£JI gJlwi AaLulA 

.(40-4) j ^i>y» jA bS” Lft ^iaS < _a.^j a £ LjjJ AjT 

4 S 


4 = 471/^ 





J^dil 



. t3li-A ^uia^aj o jS ^ j Vim) A^Ujjjq : ( 40 — 4 ) 


< S)_£ F tjW .(40-4) ^ «^t Si-A^l 5/JlT »£ Uj-0 0? jejjA 

V = 4nS/3 


uaLall ^kw 4^Lui4 

A ?t li'j ■ ^ ^aw .(41-4) (3 y* y^ t,y ^ y^ Uju 3 jl jo 

A = 6s 2 



V&X £*** f** 

F^l .(41-4) j£iJt J »!ApI sells' LC. M 


F=5 3 



p 1 n%ij '-m£> ,^rkj ^tlajw) a^U^a :(41~4) 




oL^bjU h&r\y : j£up 


(dflLJaS* n 4 H g j|jl a) JjJaluLA 4 j4&1£ jy* J-» Jtlaui 4^L*« 

J^t <3 U5^ iMj itji LS ^j^a***v* 4 jUp15 jy^yA LjjJ 4-^ L«jJ 

^ jj-i^ .(42-4) 


A =2st + 2 su + 2 tu 


(u£^Jhlu<Afl ^Jf jl«) AlJaluM AjJfrlA j j&ja 

tf5 

^ ^*A^I j)y~* <^jl_p) 3 L)?*.« * a i j* \ ■ _i_0 0 ^ j — xajJ 

jUil ^lUJU J-J .(42-4) 


V = stu 



, ^i*-a - - .a *j mJjIoIula Ao^&li -^-j ^Vim A^L i u * (42 4) JS.M 



jUla) 


jSLtu aJLl-I <Lj li ^lp C.« «?r 1 tSi 6taX^?p il kXJLP . ^3 A 1 1 (3 <A-£■ 

.v-L^Jl SjU Jj *o_}^rSn 01 L^JLp 

jlai i_i*ai _jJ» U jl. 8.000 x 10" 9 i£j^~ t-Lfj*- .1 

■S*^ 5.12 xl0‘ 28 (a) 

.>> ^2.000 x 10 3 (b) 

■/- ^ 1-241 (c) 

•r* 512 (d) 

^jS/' ^Ja*. L* .L j Ju (km) j—6,400 Ljj—« j <j ^ j k * i-i*a—' £4 ,—j .2 

.Ji.lS' e^5^ o' 'CfeJ jla u±**j 4^ jll ol jL^}\j 





iLjJUAl :g\ 


djlJJL* L$>4a-^ ibjj il /»> 


.4 


1.28 x 10 8 (a) 

5.1 x 10 8 (b) 

1.1 x 10 12 (C) 

. CjU ^IaII a-L a y aa-I _Ll a>- V (d) 

C^jiapf viJLil yi\ -X^-lj y* a-IaO-UI a5j y~ y JLa^a 15J-Xw* ^ila-U 01 y J&\ .3 

OLaSnJO f j~j Jl5vj jjo c ■ 1 1 ^\a ■ —5 y- J y> csjjivaJl OjLaSLJl.1 y Aa S 

(3 ^tLai ollU* 10 - a -il — aJjI j . 1_3J-XL-2 — ll ^_5 — * 

a jja ^jA Qa^J' \i\ (w^A^liv- .t3 

•Sio.oo <a> 

.$100.00 (b) 
.$1,000.00 (c) 

.a^>l ojljJl p-iJl rj* <U-i (^1 ^ j (d) 

d. *» Q . 4 •»» la - ^ ^ dJLtf'Lill . ^\ ja\ L^>■1? b d.A-pL# (Jj ^J.. , il j 

ajjIjJI *20 dl^b iSjj& — i 

^Jj3 . t* ll j £ 4 .* * m aJL A^*i L (La C^t 1*3 < •* Jl 

.70° (a) 
.35° (b) 
.20° (c) 
.10° (d) 

l-U pais* yb u .1 JUS1** 20.00 apU; jl J ol10.00 »^Jai Ul_yia_-T t U -j ^aj Ajt yyi\ 

71 * 3.14159 0^ .AaLa ^lijl AajjL y\ ^iw-A^il b jlp^Jl 

.1,571 (a) 
.6,283 (b) 
.628.3 (c) 
.1,257 (d) 

<_JlpUa> lil 
.2 (a) 

.4 (b) 

.8 (c) 

.16 (d) 


.5 




|jJJ aj&?\ ja : Jlp cjUi 


6j\Ma ^Uj 4j>-Lw* ilijj tJLitJl aUl* y>f jhi t^Jj-vaJ ._ac L^T 131 .7 

.2 (a) 

.4 (b) 

.8 (c) 

.16 (d) 

10 ^ l s y*-j fl jf- 6.000 I42L5” iuiM aal* ^ ii»p- LjjJ <Lil _i«J .8 

a-U ^_j«£ll juz»J \ *bT ^ L* .^Uy,l 30j y*.:;-* 20_> Joj —p juz, _- 

01 Jp Iyal ^yLc- taaU.1 
•fty- 0.1000 (a) 
•fl> 1.000 (b) 
.(*'> 10.00 (c) 

•fl> 100.0 (d) 

* <* ^ j, * 

J,l OLP-LiaJ lil 100 U>^Ja3 cju*a> a £ £/ j U^.9 

?5J>*b «■ AilJaJLl <J^>J bL« t^14 200 

•jV* c) (a) 

.<JuaJ| Ji (b) 

>L j^ u 34 (c) 

. LlA C->b^ (d) 

^UJl d.lt^J.1 ,5 djJJ Jjll*l 4 ApUjjIj 3 U>^la dJLpli <*J b®Jo>-l Ju aJfclJ .10 

* * * 

(J^flo 0* b-^-C bL* . \ y i^s^j 25 ®<J^la^ tl y»s^ 20 apIajjIj c 1 15 li^ia a«A— pIj 

Oiilili 

.^JUaJl <£ jL-x* cJlL* b® 1 }^ (a) 

^jIp <^>aj j)A> y^oj (b) 

.jLLjUaX* jliiiil (c) 
abUt /> U JT (d) 





inias 






te; 

WiMK 







' ' 's-U *?<■ <»'• + ■ 

^glp .ASvJ li 3 -La .^^t^Jt ^J«/3fllt ^ « */3 t ^<ip *1 *^ 3 1 tb_A 

^Jj kiJL> Ljija/* ..J.^iJ' 4jti (J r-jliit J^t-jit jb^U^ft ^JJ V coLL-J“t f-\j2*\ 

^iJL£o: c^aJl c5JL>-l ajc>t' ji tit .Uty Ujup U ^Tjj <iLLp cio^ ^^Ip JT £**^1 aJL-* 

.l^jp c~>*Jtj Js^it ^ JjbJ 3J5*jJaJt a*l4 

■ - ‘ : : r;-:',. : 

jc" j oLLpj t^Lv-Sft ^tjiltj coLo jIp jJJt £> J^tjcit ^^ip djjli ^L**U~t ^tXxiT ^—!xJ ^ ti>| 
.otjAl dJiA> Jjllir ^Jt A-^Jjtlt 4^-U-t 4^1 J c-^w-Lll oJjjt Ajli t^isjJt t *y S 

. A-^l>- OVN "^JL» £e-*t ji ^^JLp jy^^sS *Jt |»idU ^jAUy 


■ .;' s%:i [;£; 

'- 



J j-A?*U U OjIj jij jA (/og jL»-ill ( _ r <aj«j (J ^-b) 

:iii£ yj t x_) ta uy iallsit 

c? = x 

:J$LiJl Jp JjUJl .a ,/USU v-Jb x y> yty^j 

y = log^x 

o jji-j ji* J-i* e 01 e_) 10 ^ UUs«a-.l ^"Sl' ol^jUjllt 


;: ' : " '■:■ ■; 

SH Sill SI xV-■'■.£: 



aapt\ja : Jup oUl 


U*l\ CiUujlfr jll\ 

3 oUijjLp jill . *L*LaJI jLpjJULj LvsjI 10 <!*> L ^jj j Ip^DI p.Jj 

:!Ai* J ^^Ll- yj Oj^j log { J^ o^Uil 

log 10= 1.000 

(2-5) tA-Jai*! oLyl-i^^l (j j; = log JC ^^ (1”5) £■—*J?jj 

. <*?r jll 4^JLJLi“l il JlpSll ^ip ^ljrj;>* ^yglflj . 4^oJjjlPjJJl ^..fl v ai oLjiJLP-^l 3 jJiJl ^>«jil 

. ilbXP^B ’Kp-y^J*: ^ll)l yl^^A ^ *,<7± L«LL*j 

4jtjjliH ljLaHjjI^ jll\ 

Li ^/ a *w**Jt If j LpjJJ (j Lv2. j 1 ^ _ -Sit oli oU: .jjU yjl 

" ~ <» t * 

:!Ai> ./og, jl In y o^Uii J «^U ^jU^Dl 

In 2. 71828 = log, 2.71828 ~ 1.00000 

(4-5) jjj .4jai' 3 ^ = In jc ^y (3-5) 

p-^LJ oLSJ-l jlJLP^JI ^ip £jlljl ^2lij . 4-^JjjIpjJJl t-i-yaj oLW^I 3 £4^)1 

. 4jL*LS 4.aA*A^“I .^J-P^B \i'yc*£: 

y 





y : yup uUl 



AjauJafl j}2\ 4-aUJI 

^ijjIp^UI X ^l*Jl jIp^UI ^p ^S-a>- ^Jp x jl ( j^>j—iaJ 

: 10 . 5 -uJlj x J^xjuU ^JaJl 

log jc = In jc/ln 10 ~ 0.434 In x 

fUll <JV^j 

pjjjlpjJJl aJV*Aj JC ^*-JaJl ^jjjlpjJJl tlr^' .X Ol 

:e jc J jxuli ^U3i 

In jc = log jc/log e ~ 2.303 log jc 


uj^aB 

^ ^l*Jl ji Jail ^Jjjlp^ijl .ol -*^-y 01-^a>- <jl^X—P X jl j—lAii 

I^IXpSH J-* oL^jjlpjJ ci! ^ 

logxy = log x + log 3 ^ 

In jcy = In jc + ln>> 



obisii »Sl' jdij tOUsijUjilt :^aUM 


(>-*) 4ouu piJejl 

3 y&\ jj iSj Lw ( ) 4-— J ^L*Jl jl yOXP yj x — I 

J* jr oU*jl*>J 

log (x/y) = log x-log 7 
In (x/y) = In x - In >’ 

SjS 

^IrJI y^iT, . ^a . 4> - jxp y JXf- x 01 y^ j "4 1 ' 

: Ui^ *—*y> jl y s^iil (Jl Uyiy x ^*- 4 ^' 

log x’' = y log x 
/« x y = y /w x 

X*—xJLj X i_> y la l ^lx)l ^o-JaJl ^Xjjtp^Ul ,cory ^kji^ ^XP X 0^ j «4«l 

X p-l> jtpjii ^sS^Lnii jL^-o (^uj-jaJl 4 *L*jJ 

log ( 1 /x) = -log X 
ln(l/jt) =-lnjc 

pSj jtpjUl iL£l jSlc .yL^Jl *b£u*L» ^La>- :>JLp j/j ^_a^a>> _P Jt lM c ^ J .,.,.-LaJ 

:aJUI ^!jl>wU>-L> (1 /y 3 yA$ Lp yy x Lao' aJI jLL>) jc Jj>*^U y jJbwJU c£.iUJl } ^JaJl 

log (x 1 *) = (log x)/y 
ln(x'*) = (lnx)/y 

10 S j H fbd! ^j£. jlfl 

* . * 
i-bOl oJJi L*Jb (^^Lv«o oyiJ If-y 10 iXxU ^l*il 

log ( 10 *) =x 

e JJ*JI Sjil ^xjJaJl jill 

: JJjJt liili l*3b <^_}L-J y<OjO“ -3Xf- tsll 9yi) Uyiy e J-L*i) Hjjlall jLf-yljt 

/« (<?*) = X 



OLjeUjli am*t\ j* : jLp oUl 


jofl 

aJIjJI a£) 0JI Ol . L* o^> ^1 c-jU ^Oj VV vi •!' 

:4iijt yj tJCj ta *^i)i 

Q = 10 0} .JC jjol (7 (JJ J J> “-H—* (J^— 

.a = e~ 2.71828j 


4 _aUJl A^uiVI £j) jolt 

hi* .W/ i^i'l'^IjilLliJ lO^-uSlt oli vVl 

io ■ 3 00 ° = 0.001 

(6-5) ,J^^*ll ,4jail“l oLalJ^-^l J j> — 10 * ^ (5—5) ^ £ 

j ,^ ~ 3 J . 4JL*IS*~ A.di. ^S' yA^: Ji I lo ~.. || ***^ , i judj -l—i 1 -X?“*) ^ (j§ 4 mu 3J t ' 



-1 0 1 

.U»iJ! j f ua ^Vl Jjtili ^jilll yioJI :(5-5) JiiH 




-1 0 1 
Ji .jill oUl^yi ^Sri jjUI! r uil ^jSil! ^ull :(6-5) JiiS 


AjjuJaJI AowiVI 

^lyzfb Uajl £ Odb 4. j .«Sft 

g -3.ooo = 2.71828 -3000 ~ 0.04979 

(8-5) JS^JI ,*M-\ oLWyi ^ _>; = e* ^bli ^ybJl ^il (7-5) J^bJl ^^ 

jv3~tfj .4L*IS"" 4 ^4^ fl *b | iS '^bit i^'•* ^-idJ , 4*^J0^Lp^ijl j b s>\ ^5 4 ^*^ 4 j 

. Vr^ll 4-iLiM jIopVi ,^U ^bll jc~j< 

<L»l*JI 4 j«wiV) £jIjjJ! ujiLt 

+ * * * 

^UU (^jL*o x J^>wuJJ ^l*jl )/l S"*^1 ‘W**j* 4 l^SJa.^ bJLp jc ( jSo 

1/(10*) =10”* 




oblili ^JLpj jilt ; J^flll 


^<> >1*1' £iiH vj^-* 

^**£^1*1.1 <_g jLw x l)^ g*««lg)l ^-^S/l ^bll jl . Lj>r^* Lj4aA>- b«A .. p x J 

M J^Ojjhll ^llLI <»L»j«J S_~Jli 

1/(<? X ) = <T X 

<juM\ £j|jll1 ujj*la 

^Ljl (J 5 lj^ j «i< 8 r* x ^** , *y^ OJ ^ x ,*—1 

o* 1 ^' Oi^jUit ^ jl X ^ JT ^_^Jr ^S/l (Vlilt ^_jl—i 

(10 x )(10 v )= 10 <x+y) 

(e x ) (e y ) = e <x+y) 

V-Vl jill V- 

^ylp x J^(Ul 5-»—J J*<sU- ^»S/' £*lsll i)[ -Lte*y l y. :> ^ s ' yj x rj >^—1 

: 4j>c-j>t_v^ jwJUl jutaUil ^ja yS' jl .yj x ju jyiiJ i_i! y (Vi*!! 

10710’’= 10 (x-y) 
eVe’’ = e (x_y> 


<^1 ^jlil ^Vl 

^bil ^1 l(f jl»XA<aJLj y oyiJl . jb^r^* l)LaaA>" jb* X —. . p y^j x jl j «<?«1 

:x.y c-^2» 

(10"/ = 10 (xy) 

£j\Jl J,l ^jL-J £* jIjuLJJ y o.e ^yL^Vl c£^ ^tdl ^gLp Lfr»—a> *i\Jj (j* _]ajJ 

:xy s->^1 J-^U- 

(^/ = e (xy) 

4 jt j Jilt 4-u-uVl j39 j 4-alxfl 4 -lwjV^ ^ jSW cj jJa 

X Jy>^uiJ IjuJ aJl 4^>S/' £->ly^lj 4^»l*Jl £j 1yJl <~jj^> jl .LjLi>- bJ_ p x _J 

: J^aJ ^s_ <j\ .10 € ^1-^t} X J^>-*^1 ^iJl J»1 c^jbw 

(10")(e x ) = (10e) x ~ (27.1828) x 

^jli*ljJl 4^*^1 ^1 yjl ^js J-*s>L>“ jl .yivaJl jL-u *V ^5-jA>- iJLP X jl j^l 



\JS h*r\y : jup >Ul 


: 10 e ,>-1 l/x J j*c ~JJ ^1 (vblt Jl ^_,U, 1 /a; J_p^uil JU-Wl vSlt 
(10 Vx )/(e Ux ) = (I0e)' /x ~ (27.1828) 1/x 

ukll ^Vi £jU 1I (jJc- ^Uil ^Vl ^jU3I 

* * 

jl ^jllil JLp X j*LnJl jl J«^sL>- j| .L^ftJL>- Uj—P x /j 1 ^-- I 

: J^i3 jl L^jt. . 10/e x ^*S!I £-*lJl Jl x J_pw<JJ 

107e* = (10/e)* ~ (3.6788)* 

L Jp l/x ^w-S/l £-?llSl J-stf»l>- jl .yL^il ^— p X of OVI Jpj—^ 

: 10/e l/x J^S'l £ut Jl g;jUo l/x Jj^sUJ ^igjl ^Sll glsil 

(10 //x )/(e 1/x ) = (10/e) 1/x a (3.6788) 1 '* 

^Vt £jU 3I nhlt (^Vt 4^uiS J^Ia 

^l*jl ^w-S/l £4^1 X ^>S/I £-jOl 4-a-**J J-s^l>- jj .LjLoL>- I^Jw, P X —I 

i J^aJ jl lu^jr, ^1 .e/10 x J^>w»i3 ^*S/I £->1^1 Ji x 

e710* = (e/10)* a (0.271828)* 

l/x ^« «; la jl ^^S/l jl .jAso]l V ^Xp J* X jVI ^ J — 

:e/10 ^Uti l/x J e B Ji l?J~ d l/x J f Ul ^i\ glsJl Jp 

4^ui J^IaJ f\xl | £jUll 

JLp x J y>d\ j^SlI ^1^51 01 -_y ^ 0 jl -kl y^*\ £-* t j^A-A^ JVJ x 

: 10 x 1 /y J y*Lu\S ^Ull ^^S/l £*UI Ji y J>>^1 

10 ** = (10*) 1/y 

J^>tlll J^P X (J A****~i Jstf»lJ- ^w.*)a)l ^gA^S/l ^4!—ll A^-jJlj AjloAl ^j?^jl 

.€? \ty ^^A-jaJl ^Sfl ^IsJl Ji tS^j y 

f* = (e x ) l,y 


&\ Jill 

C-^-ufr ®jAJJ 4-JLJb>“ ^lj-pl JLp JLljjjl JLp (jjaj # 4*^L-l 

J LftjL^pl <_£^ .^UjJi JJifj c^LjJlgJpLfj iZ>j!jJf(fijpiJj (f*L+-Z // - ?rj (Z'jlj // 

.JI^iJl Js* cotj tsecj tcscj ttanj ccosj tsin Ji ^Jlj o'y^Uil 



ouldl J-aaJi 


c4j-br;S/l <—3^>-S^ 4jb& <-*>jA Jb 4x51 j SIjL* OjJt^P 4jjJ^j] <_3 j>- \ bljjjl ^1 U jtt I c 0^/1 £$>■ 

^JjU jyw? <-J >0 4^3L>- colildl ^1 p (j Lj yiJ bJb 4-wuT^l ^>-^1 ^>Jj .zj tyj ccj tw t*>b* 

L$Jp 01 <iJLip u .£ .b* 1 -La ^bJb ^y*~* .(05 jl JaiL ^JJb* <—3^>-) (f>j (bJ JaiL 

05 -up dbjj^/1 u«^<J p lLX )3 dtaXpLw«-jA^ .L^jj^j -Up c-b^S/l 4] 4 *— OS'" ^ l*.». > <0*^ — ^ 

.dJL^" Ijj^j £p-*aib J^*Jl OJblp -Ai 4jSl 1-i^j* fl* y>\ 1 $JaiJ bAjS" Jaa>- 01 .tbjyaJl 

AjujXjJ$\ 

:aJU! %bUil SJuUdl olW^l J S^b jbiP^b -Uti 
x 2 +/ = i 

<(0 ,0) objIJbO^I IJU* IfcjS*"io-X>-lj 5 JL>-j l*jja5 cJl yoj 0V o-U>-jJl dylJb 0yl-bl o-i-fc ^—PJJ 

4Pb~Jl Cj^jLaP A^\l*j l-Ull ^1P £uLj 4Jjlj 0 .(9-5) ^^-iJl (3 jjb 1 - +£ 

S-U»-^jl 0^jb ^JJl £^1*001 ^jjbiij 4jjljjl oJ-ft 01 ^y> jIaJ . (x j^j^l) > 

jyij .p = (x 0 ,^ 0 ) u au* 

j> 0 = sin 6 
x 0 = cos 0 
yjx 0 = tan 0 

y 



.AjoElaII ^jIjjJI Ju-iaa] &A=kjll ojjIj ^ :(9 — 5) JidJl 



ja : jLfi 


A/tVutt jj! jail 

#* 

ajU j t ^^/^// gJ?Lj ajU :UjL» 4>yell a-j 1 yJl UiU?l y SJ*yj I ^^ >- 

tcof tfec iC.se 9 oV^Uil j lAjUai^l <^y£ .SjjIjJI<JJ i ^Uj tZ/jljJlgJ^Li 

: JbJl J$LiJl ^jLc- iiy<-* U| 

esc 0 = l/(sin 0) = l/y 0 
sec 9 = l/(cos 9) = \/x 0 
cot 9 = l/(tan 9) = xJy Q 

J y& d .i*j‘li 5 j jlj </ PQP Sj jljJl j APQR ^UJt Uiill jL. — it-VU — 1 

yfc US' lRP Aulaa!' J ^QP 4«» JUl ' 4j^JxaJl Cj ^RQ l l a 

-RP j RQ *s*—4 jj1j3I 9 .(10-5) *J3 

:Ji US' Jl>t £5US/I vis JSl JL* Ull villi 

sin 0 = e/f 
cos 0 = d/f 
tan 9 = e/d 
esc 9 =f/e 
sec 9 =f/d 
cot 9 = d/e 


P 






Identities 

<£y 0 UyyJl ^^Ip aJu* y-JajJ .Ajybdl £*lydLi Uhif identities aa^*>\JI o\ y —*iJl lJl^ _; 

t^lb \jS ciiii bl ^-LaII Jl^i yw> 

(CM Jl) 0 < 0 < 2n 
0 < 0 < 360 
( d\j*\J^.) 0<<P<2 k 
(oU-jjJL) 0 S *P < 360 

y ^LaSI Jl^l yw5 ( aaj Uyj JJ ^>LaJI Jlsrl ^jt>- A*S1 yil UyjJl Jj< bU- iSj —£ 

^aJLJI oL-LaJL y>^T J,1 yv>- y_* J Ji .{360 ) 2rc ojUpU^* ^yl Ail — — >- 

<* * 

Uj‘b t^fjLb y^- y^£ y^Jy tA^-L—Jl <w^j!-AjP d\>rl l g Lj y> *^<Aj ApLw*Jl t«_JylAP ol^lj A- *>>La11 

A-^ij y»S(l <yJaij .360 y - 4 bli Jil y&y JiS /1 ^JLp # LfuJ OySj <t^A <-y* y ~ A — ij \j J>! 

a -j^p Ajylj oIjLp jL>*S/l y^-i (3 jy^j-ill .360 y - 4 yj— Wyj — 5! ^— U- 

\jlyjjl «/a<S/l y- 4 y£jy t^A-«^ j^ka Ojljy.2 o-XP yp yl tL)ljy»-Xil yP 

O^bM aJlA 3 <—^^xAl OySvj y^Jy caJLJI blyjJl o*XA £sJl*J . ^LiJl Jl^rl y-i £* 

.^Uil JUrl yi b Aj ylyj ^iLtil £jtdi Aiil^il A-o-JaJl JU-X^O clJLS £~U^Jl yA 


j»Ul31 4-UAJ uuaJI 2^1 ijjpliufl hjal 

s» 

aJIJI Aju^oJI ^yaJJ J,Ut>y . 1 L«jb <y jL^u Ajylyll —il —>ry —^rl oL*j j—* ^j— 

'■J* 

sin 2 6 + cos 2 6- 1 

: Jyij d\ LuSU c^1.(Ajj 1 ^ (N^r 4 Ji cT^j) QS Ji *y/w 2 0 jiA: 

sin 2 0 = (sin (9) 2 

oljLJl iAjyljJl yja*) 

.f-Lj-iJl (3y J-s^' ^ y- 4 l5 aJ b (j U1 yu* ^]1 (j AjiUuil 


Jlalij ijjclijfl AjjIsu 

A-^- ^ip aJUI ^vaJl y-Jaj . — 1 yl 1 LaJb (yyL^vO AjyijJl ^JjaJly a^jI yj ol*jyj (Jyill 

:(270°) _>i 0 = 3 ji/ 2 jj ‘(90°) j 0 = n/2 j f L±^Li Uj^Jl 
sec 2 8 - tan 2 8 = 1 
tan 2 8 - sec 2 8 = -1 



Snarl j* : Jup 


Vi' va** 

( J~£'[*J» Jl (^juJaJl dUr^ *U^ <L*UL« Ajj! j) Ajjlj_il (J S\ nA _?r (1)1 

! JLp aJUI A. w ..,^ ? il ^yaJJ JlllLj 4 AjjIjJ| ((^JuJrl) £-<kJrl aJUjJ A-^jJL 

sin - 8 = -sin 8 


AjJLuilt AjjI jl! ^Laj <_uAi 

'.^Js* aJLJI Ajt^a]\ ( j^aJJ JllJljj i .y>r Jl <^jL*o AjjljJl CT ^^“*-' 4 (1)1 

cos - 8 = cos 0 


AJluJI AjjIJII J)a 

.AjJ^jJ^ (Jb ((^**«Jrl) ^S^Ull) { j*£'\xj» ^1 ^jL*u AjJ^J-^ {j t <1)1 

:(270°) j! 8 = 3n/2 lMjj c( 90°) ji 0 = tc/2 OWj *1^ U 3 j\ JT aJldl ^Ji jV 

tan - 8 = -tan 8 


AJluJ) Ajjt Jit ^Lu ^Lii 

((^**»Jrl £*Jrl A-L^jJ A^~JL Jt (^jL*o AjjIjJI ^JsU jj 

8 ~ 71 <1)Ij^ jj t(0 ) jl (9 — 0 <1)1 j.^j LijjJi JLp aJIxJI Ai-wvAJl jJflj -Vj^' ^ ^i?U 

:(180 ) 

esc — 8 — — esc 0 


<JL*1\ AjjtJlt ghlS 

UjjJl aJu^sJI JjaJ .Aj (J.| ^jL^o ajjIjJ! — M £-—jj 

:(180 ) jt 0 = 3 tc/ 2 lMjj c (90 ) j\ 8 = nl 2 ololj 
sec - 0 = sec 8 


l^LA 4 -*jtJlt f US JJS 

((^col^tI ^Uii) aJUjJ A^Jl ^Uil) Ji AjjJ^ (1)} 

8 ~ m (180 ) jl 0 = 0 OLolj UjjJl Ajc^aJl 3 *^ JjiJ 

: (180°) jt 


cot -8 = -cot 8 



Olihli jlil J^iii 


kjj\jS\ ^uj ^ 

AjJ^' fU iw^s- ^ aJ-v^SM Ajjlj^ ‘-r^ >r til Ajjij iS^ —v 9 —*** 

iaJ-^^/I 

sin 26 = 2 sin 6 cos 6 

AjjI jll fUi L-uz. 

.^j\h«JL*] 1 j«*/3)i ^*^ I ^'l•—V j ^ ^ 1 ^L£ *i - 

cos 20 = 1- (2 sin 2 6) 
cos 26 = (2 cos 2 6) -1 

AjjI jJI bi*aj ua, 

0 ^ 0 < Tt uij-^j 0L*-Up S3ll)l ^■ a ^ ^jA (_^1 ^1-X^lwnLj *Jj)j <—i-s^ « - .-‘^ r C c, 

:(O<0</M°) 

sin (0/2) = [(1 - cos 0)/2] m 

: i*~ai \ £~*aj (180 < 0< 360 ) Olol j n<0 < 2 ti oj& U-lp-j 
sin (0/2) = - [(1 - (cos 0)12]^ 

AjjI jl) uLal (Lu ljj*. 

O<0 < tc/2 431*31 * ~./*\\ ^A ^ * | f ^ ** * _**- 0^"^" 

:(270 < (9 < 360°) 3jt/2 <0 <2% olol j j _^J U.up _,t (0 < (9 < 90°) 

cos ((9/2) = [(1 + cos 0)12 f 

a*~^ (90 “Si 6 < 270 ) jf 7c/2 <6 < 'in! 2 ulptj OjSsj 

cos (0/2) = - [(1 + cos 0)/2 f 

jll c-ua. 

! 4*3131 4a**£l3i $ O3r^_j0 ^ ‘ • *^~ 

sin (0 + <#») = (sin 0) (cos <t>) + (cos 0) (sin <P) 


(|jl jll {Lu 

IaJLJI Aa ^i l ^IJLSJL^b (pj 6 ^ y^z {J?^- 


* «• * 



jJL) h&r \ja :jiup 


cos (9 + <P) = (cos 9) (cos <p) - (sin 9) (sin <p) 

IaJUI (pi () (jojl J J ^ 

sin(0 -<t>) = (sin 0) (cos <£) - (cos 0) (sin 4>) 

oAijU Jj3 fLu Ljua. 

lA-JUl Ai-wyaJl plJj»«JL^b 4?j $ <5y fbC O^*- 

cos(9 - <f>) = (cos 0) (cos <P) + (sin 0) (sin <P) 



aLlT A-j li .^ip *«—ISI Oj£j . Oj j jyO ll -LLP «,^3 A il lj-A ^^ 

.c_;bTjl Ajli j 0^ j>-jA Aj 0^ baJLp 
AP^<*^“- Jtp jlil bJl j A»w»^ ^||^.« <* J . 1 

aL.\T AiJbU (a) 

aL*1T A-j>t jil Aixiti ilJLP^l (b) 

aL-IT aJLJ jjp aJL ibU (c) 

ywaJl ^Li^b Ai-ir 4i^l ->UpS[I (d) 

<w*y jT*tu jb^i 503 a* 1— y vy ^-j- 5 2.00 iSjjZ' £4—i *2 

^ilt jTy /y A^UL» AiL^il jl ysyil ^^pbuoJl j^iL ^IxiJl jlaill y U .(3ylL> A—jjlj 

.^UaJl 
f8.78 (a) 
17.6 (b) 
jbL.1 10.6 (c) 
1^2.79 (d) 

Lfcbj ^p L*T^ Aj^Lij .<yl^Arl *-L>A>»jJ a-**»LL-I aJ^I ''y ^sin 45 1 —* .3 

. la r ~ ; ll yMj Q^lJyfliil 3 

2 (a) 

„-/ 2 . 

2 (b) 





Ot±Hl j=3lj iOUujIp jJJl J-aiJ( 


1 (c) 

,ol< sJla ^ <-_*]! oJLa V (d) 

._>j L.- j iaaL* »lij' A*JIj jAa l —5.670 iJUU .4 

1.735 (a) 
-1.735 (b) 
0.7536 (c) 

.ii yu. jJA i^Sit ‘g^ V (d) 

olj fljLuJl C-X V( 10^ Y]0'^ 4. . ... . al l £tjlj ^—A l a .5 

.Ur 

10 ( a) 

1 <b) 

4.553 (c) 

3.553 (d) 

?x *--* jjX- J*1)1 •iX&s, tiL* .L$l»- iilx» i_.l ]g j c* - —5 > ; .. la pl iii>' <j4».6 

y^-y (a) 

lj 0 u>J £A± (b) 

AmIImJI JJa 5^ ^Afc4^" 3alp 

a> * 

ULJL» l^-U- ^ (d) 

,U> C*>l lit ilVl f-b^.1 ?3U* (.lijt L^p In e a*J ^ U .7 

0.434 (a) 
2.718 (b) 
1.000 (c) 

.Ola_ji*il y Juj il A»yiA Ciji b6L~4>- V (d) 

i_—— 4 j kilij j»Lc a _—>? y U .0.950 j SjJwa s-r' - ^ yj ***J -8 

?apL^J1 i^jLSp al^l L^aL# ^ .ij apL^JI t^jjUjp oIatIj 4—-La> 1 g - - a. 4j^ljjl ^Lc 

0.950 (a) 
-0.950 (b) 
0.050 (c) 
-0.050 (d) 



oLj»UjAJ y : ujUi 


jj-Aj A>*ji ^*5^ t^^vwJuD L**IjL*) ap-I*. 24 { Jfi ^ 0^-—^ *9 

V’i" U * ‘-^'j 
1/60 (a) 

15 (b) 
1/3,600 (c) 
0.25 (d) 

**■jj 1/3,600 <^l) d_jls yj* '■■»$■« ;! J-^k JaP ^^Lp ^ulaij *10 

t jy Jv>U3l JaJI y L^i Lj** 4.00 x 10 -Ja^ <3 l yj ^ ^iapl ^! 

>>1.11 x 10 4 (a) 

^ 463 (b) 
jb*f 30.9 (c) 
,ol>»JL» y ajL~*p- V (d) 




ns 


-AJI jUil 


■ 


JSLio 37 0~>rf 111 aJL*- 0_^J lift fjju Xs- _ll Jl J_tu 

^ ytO, (Jjj-A-v^ 5 C) <l)t flj 4J ^ d\ UJLp - * 

tS ®y* OUo'bfl ^jSj jUlbj caj^*tN' ^Ssj ^ oj-dJ jLi^^ JJL&Ia* *1: ■■£ 

.c-fpj b} 

• '^’v-f/£ s c : •■;... 

C-oblb OlJL >-jj 4JLP *^| <_£jJlj ^aJL>- iJjt) C^liH ^^4^ *1 

•^^|||||; r 

•Jj^(b) 

. -X*Jl |CAP (c) 

•gr^ 1 &■} (4) 

.<jjj-i% (e) 

?4^aa)I dlft ij^S\j ill ' J~* y i "^ it^j-^>* jZa[X?t L« ^jA2*vJZt f£t>tX£ i ,2 

. 1,000 ( 8 ) 

. 10,000 (b) 
.100,000 (c) 

(d) 

'-V' : 

f:JM;<e)-,. 

j^\ oLW^I J .3 


ijlpjUl - 

* - * * . 

.ajjIjJ Uij cLk^- *A>4 (a) 

'Cte»~t ^jj5^i (b) 

d^^-X^- 44^ LjJl c/^"^ k (C) 



jJJ : yLfi oLh 


Jjo*: ijj.*■ 


* 

.UjjU Uij —ill (d) 

* 

• i£j !j (J?*j Laij aiJL£ J?UJl (e) 

t7.899 17.8997 c7.89979 OM9191 aJUUl jUp^L j*4J .4 
<jp Jli* 3d!• AJuJl ^^Ip JaLJlJI (jf ^-Ip J5** 

. JsJbLL ^ybJl (a) 

^ (b) 

* jiS-i(C) 

^Lr^ 1 (^> 

(6) 

ajIiSvJ c £^ (x aTM?” fjif) 3 X ijUU .5 

* 

.x Ija D Uy jA 3 (a> 

* 

x 3 3 (b) 

# 

.x ^JLp 3 (c) 

.3 ->*uU x j-Uri (d) 


.^Li j^p SjLp Ul ^ (e) 

aJLJI o! jUtJl (^1 .6 

.4x»jSl' ap*>L^>! Liij j ^pI}J xX i ,x ^~ (^) 

, L*jIa l ^ *jaju j^Ad! * fl «/> >T 

3 ( *_Aj J^LaJ jijl ^1 (c) 

did! dilS j Ujjll j> ^ U ^Li OU t90° dJdJJ 4-UUJl Ujjjl ^Jb-1 ^Li OlT Y*\ (d) 

.90° ^Uo 


s^LpI aoj! 

j! i y*4 t^UajJL) 4jb J^a]1 L jOj[* i ai-\ eJwaJ W jl aJjUu* 3 C 3^ jdtvaJi *-3 j£~\ C-«j!j lit .7 

.2.71828 WjaT ^ 3JJI ^-Sll £*tdt <jd«^ (2) 

.\_A^Ja3 eJ^aj <Ji «yUj! j lai 


.-1 5JL*U jJbLl (c) 
.jJ-i tUaii' 3 *■^(d) 



Jlp 


4**xa aJs^ j5 1 ** - ■*■ 3- .{£ »p+* *A (3j^i jLi >**a ^Jaj o^jlis JLJLl_A ol j’ **^'*^ .8 

^jaJ ^Jl j 4 jjIjJI Lrv h j jLjfljl llijJ 4 ja>JJl J . jiSfl <Jj* *yUajl I4J ^JaJ ^Jl jc 4 j jljll 

V4-illJl tljljLjtil (jji . 

.x<j (a) 
.x=7 (b) 
.x>y (c) 

. J*^r\ JjW jij _y^ X 02H -Uj^j (d) 

.SjjljflJi is j~» { Js y^ x Cjy. -Uki*j (e) 

(j d t- < * t^lA 1.4 X 10 ( J? jL-J ^ *>■ ■ *\s SS j" *0 « 1 .9 

* 0 0 
^1 lj Jaa cwIjL*^ lp ^b-Ipl ^yjA ill .XaJI jJ* L* .0.50 Aj X>tj& $.L^*Jl 

1.6x10® (a) 

6.2 x 10 8 (b) 

1.6 x 1G 7 (c) 

6.2 x 10 7 (d) 
.^jiS 6.2 * 10 6 (e) 

i_j> ./i;l t4-*S\it jli.'ifl; l' a j £Jl ^jto- Aiwa 01) jl» 100 SjS" jJai y. I-» . 10 

(V= 4n rV3 ^ cjb.Sn, R u>i 

2.88 (a) 

.j* 4.19 x 10 6 (b) 

* 

.'>> 5.76 (c) 
8.28 x 10 6 (d) 
.^JoaJI JUA>fcil A<jl5^ c^UjLti* jl?t jj V (e) 

?2.000 x 10 5 j 2.0000000 x 10 5 On c-W^ 1 *1^1 >i I^jja cJ>Jl y> U .11 

,5>La f\ij ajcjI i£ ca^Ia ^Lijl aJL£ li oIjLaII (a) 

• v-V £o' (b) 
.10,000 q* (c) 

.AilA 4-j^aJ ^-Vij (d) 

■uyjW*^' uy Jy ^ (e) 



ji! ajo?\ja : Jup oLii 


fgliJi \1a jlk^ y> L. (1 - 0) jLa*l - JSLiJi Ji ap .12 

. lj 0 lj 0 <d^ (a) 

.1 ji ju>p\ 0 j-* j^S/i aJLjsJ-I ji-xpSli (b) 

.1 ^ja yup\ 0 c£jL*J ji aJLJLJ-I jUpSI' J 4 ^ (c) 

. lj 0 jjwb 1 j 0 a?. jiJP'Sfl J^IS" (d) 

.aWjT UU^i j>UpS|! (e) 

^liji I-La jA L* .(1—0) — J^LiJl Ji i^j ^-i o jA Jp .13 

. 1 j 0 1 j 0 jijpSli J*Lf (a) 

.1 ^jL-j ji jup i 0 i AjLiJ-l iijp^/i J^LT (b) 

.1 0 c 5 jL^> ji j^"S/i AJLJbU jlJp^/i J^U" (C) 

. lj 0 jjwb lj 0 Cv a UpS /1 J- 4 ^ (d) 

.5J-4IS" A^iJbM iiJip^i (e) 

0 jj J^A>- ap jkA\ UL*di DU JU]Lj .^Jlu~a jjJ p JLp oIj ap^-^j j\n*J pj< «|V jl .14 

Ji aa^a j 

s 

.^2Al\ jAj >L Aj AP^*Ji (a) 

. ^/a^ lii ^jJi Jp 4 >j~*a* AP^*Ji (b) 

y 



• _>Lkua L-iliSi jljii.1 ^ 13 j 12 Jli* :(1~0) jl/i^i — JS-u*il 



Jup oUl 


p 

.is - r Jl J .p L.i* (c) 

is-^J I (d) 

.y-^idl ^jJtj AP^-Jl Ju JyiJl (e) 

cAj^J ai a>L—aj AJ jl j .^JiP \i\^SS-\ JsLaJI A^i ySz ^jjl jLiuV^ <^Lj oLjlA^'yi ^Uaj .15 

^Uiij aj jtal J\ oLiLiJ ajL^o* 

(a) 

, A...-».Tj JIp^*Jji QLs A aj OALjl*A>**yi (b) 

. A*il^iauA^|l (c) 

.ajCAL dJL>-^j! (d) 

,a_4sLSjl oL,Wyi (e) 

ylSd !6 ijU3l .16 
.6 ^IaJI |v-j jLp^III (a) 

.6 iJjtU ^o . dal l ^Jj[s-jii\ (b) 

.1/6 (c) 

.21 (d) 

.720 (e) 

^ a>Ip aJ^Iaa .17 

(•*-?) (* - r) (x - s) (x -1) = 0 

aJ^Iaa Lil ^Js- a)jU 1I dtoLft ■, a _'■ * j5lf. 


. 5^ j (a) 
.a~j*£j (b) 
.ijtbj (C) 

(d) 

.a^ (e) 

ijyLi aT^X iil <Jjl^-l iJjdl La .^aiS^Laa AP y*A ilju-i —) A—li i jPj "a/ . 18 

?jdjUll 
•J jb- Ji V (a) 

( b ) 

.o^ (c) 



OL^b 4j*r \/ : jLfi 


(d) 

.J^U amjj\ (e) 

JA j\jJ?\ JjU j*a *tJ jU*f 1.5 APliljl ^^laJl ^ Ijl-U- wjjjJ of Jflj —I«J .19 

jUt^ l-31S^ aJUI ,y* <j> 1 ^ia-* c£j*-***- 4 3.2 £-aJ 3—joiJ 

^ JJ\j j!b Oj^j 01 0j3 j$aa 

.j\ia\ 4.7 (a) 

.>.( 4.8 (b) 
,jb«f 3.6 (c) 

1.7 (d) 

. Jlj~Ji IjLa /^p JuU-^U aJIS" jjp Ua SUa*!! c^U^JUil (e) 

J,l Uij ^jot J* eiij oLflJl>-^!l 1-U* ^1 A^-uJb AjalJl .iJL>o tA-Jl oLj 1JL>*^A3 ^l)aj <j *20 

.^UjcJwajj cAjjl^ll (a) 
.jilaal L-^Uoji Aj^\j (b) 
.Wjj (C) 

♦o^L? 4 c/V^J (d) 

.ajjU-^JI ^yJlj JjW bljj (e) 

?(x + 2) (x - 5) abUJU ^UJl ^>1 J^JI ^u.21 

.2x - 3 = 0 (a) 

.x 2 -10 = 0 (b) 
.x 2 -3x- 10 = 0 (c) 

.x 2 + 7x + 10 = 0 (d) 

jj ibbc* L^Sf bi> N (C) 

** 

i £yljJi ^pj*!l\ ^jaflll A^»L^» dJlS^ 131 yb ^»p jP ^jaiC. ^l^Lwl J^Lii aJ L^4^-4 of ^Jp jJcS .22 
^J y£$S ^-a«ji“l jfii L» col 10 A*-Jjj J ypj g jA ol10 (AjIA jli) 

.£>jA ol ju .z:.m 10 (a) 


ol j u : +:*M 62.8 (c) 

.<^j*£a C-j1 JUS^t 100 (d) 

<cr -«SCLl ^-*0- oL*^l*ll ^jA juj^JJ li^ (e) 



yLfi oUl 


?sin q ^ 'it* .z 0 = 3 h + sin q j-» v'bS' j si* j dJLif jaJ»\ .23 

.q ^ (a) 

.q v_~Jr (b) 

.q A-^JI v_^>r (c) 

.q i~Sll ^Vl ^jbJl (d) 
ijj bf «jU Vj (e) 

iul^i i_$ A!—5.44E + 04 SjL*il .24 

-5.4404 (a) 
544,004 (b) 
-5.44 x 10" (c) 
-54,400 (d) 

lil ,*L-jJ_ jLU j^ioj j -XiP .25 

.x j£• o>L3«J.I ^J»LSj J»Lii (a) 

._y cjLisxII J»Uj (b) 

. \ g .,a«i cjL>* 1I *11' Hi (C) 

.(0 ,0) Ixll £» oLi>»iil lUi (d) 

. J^LxJJ “IJj oU^xll V M (e) 

OL-J-L oUt Jb* ? 1.03 x 10 6 j 5.8995 x 10' 8 v> J-^>U U .26 

6.0764845 x 10 2 (a) 
6.076485 x 10' 2 (b) 
6.07648 x lO' 2 (c) 
6.076 x 10‘ 2 (d) 
6.08 x 10~ 2 (e) 

Xijiaj <j *Jb!l SjLjJI ojI j dl' ,j!jilJ .27 
sech 1 x = In [x -1 + (x 2 - 1) 1/2 ] 

ll* (j /w 0jU*jl 1^* 

1 jjjtil; U J-U- (a) 

r UJl (b) 

^»sWl jUjUl (c) 



JS inarl y :yufi ujUi 


aj ^LJ ^liii (d) 

j*^ 1 (e) 

'• fi IS" l£ y ■ -U Jj Cjf^ tb_j a y^ .28 

a = (3, 5) 
b = (-3, -5) 

^S y ■ *. 1 1 ^3 4 jw»^[I ^ y^ 7 y^ b« 

.a + b = -34 (a) 

.a + b = ( 0 , 0 ) (b) 

.a + b = ( 6 , 10 ) (c) 
a + b = (- 9 ,- 25 ) (d) 

. t—^ jJL* jjp olft oS/ jf ^y ^Ift 01 (C) 

¥ju >-j y **~* -bJL>oJ J?bL)l IT" .29 

.«Jt>-l j iiaii (a) 
.Oblai (b) 
.Hi (c) 

. J»Ui £ J (d) 
,i>U; (e) 

^ Cs ^i\ jic lib. .( 2 - 0 ) jL^I - J^oJl Jl ap .30 

.iijljll ._•**- g\s (a) 
.AejljJl ftf £*b (b) 

.Ocj y italic* (C) 

. (d) 

■ t^-fy 1 <vb' (e) 

yt Jldl I!* ^ oUWyi flH .(2-0) jLi>-l - j£oJl Jl iJb‘ a* .31 

(a) 

■<4if (b) 

•( y^if'y‘ 4>-*i (c) 

~ ^-f’y* (d) 

( e ) 



jSL0 u-»U)\ 


y 



.31J 30 AlixaSU jp :(2“0) jW^ " 

^1 o b a>*-l> j c3 A?*_Lt .jjijplfc-i Ll>jJ 01 ijPj —*32 

:aJU 1 a x b c-J Ua i L i «^»ail .4 <uij^L?j ^yJi <3®Sn 

.12 ai**J j\jul* (a) 

.12 aJj j}&-> A^«-2j (b) 

.5 aLjJsj <^>ydl oUrljj ^ip*>0 A3 j*2> ^L*J* (c) 

. 5 aL a^>«_ij (d) 

. Jl j^-Ji IJla /^p ajIa-!> 1! ol*ji*il ,j^ -bji (C) 
.oU r lijt (2 2/3 c5*) 2 / 3 iyb 2 ^1 U-_i i^__U-l 5_5^1 r u*^_^ .33 

.1.587 (a) 
.2.828 (b) 
.4.000 (c) 
.8.000 (d) 

,<L **j i^\j LaJjJ^ ij^"- 2 2 ^ 3 »jL*JV (e) 



OLjj&bjU Am*?\ jA : Jup oljJt 




34,000j 34 JUi )\ UlIi^ .34 

.10 Ojl-ii* J-bu (a) 

.s-Jly (b) 

•v^y lT^ ( c ) 

. t-Ji y (d) 

. JJJ ^ pJLill (e) 

^JU)i 3 J» > ^al l ^Uj .35 

.oUjjJb (a) 

.Olpljb (b) 

. <Ja>- olJb-(C) 

. 4^*Jj jLp^J 0^) 

.^LpLJLj (e) 

jA L* .0 < x < 2 <u*Lk> j*/a:'i 5j y = 2 x ^AiSI jl^p^L) J^-L) .36 

0 < y < 1/2 (a) 

0 < y < 1 (b) 


0<y<2 (c) 

0 < y < 4 (d) 

lJut ajUs-^J aJIS^ j^p dUaxil o»L«ji*ll (e) 
JSLJI J* 12 aJUU ^-UU jJJrl ibr jSU .37 

12 1/5 (a) 
.12/5 (b) 

,12 5 (c) 

•5 12 (d) 
•5 ,/12 (e) 

olklJb-'JI J Jlp ©Jut .x 2 + y 2 = 10 iblxli c...jgpl Jj—51 .38 

O 

. (a) 

.[/^A (b) 

.3j-U yiSU ^kiS" (c) 



jLp <-/U4 jLsH 


. JJij ^Ja & (d) 
.'•yUT (e) 

#ju Jj—-k>- L Js> ^\j .bprdJ (j*AJ aJLp 10,000 jl$1 01 —^aJ .39 

J-gJrl *4^1 '-j-fc . cJ^i 115.85 6j\Xaa pi j ^Lp L j-^>-j t^LI An^a j C- rJj 4-—L*J 

.cJ ji 112.20 j j L»L5 <S y*^ y^ 101 ^1 .Ja^^D 

L) jMj JLgJrl Jp C-JIJlI JJ ja A^-Uil 4^ja]l yi-Y Aj 

.yillj -0.03 (a) 

,aj\ 1L) +0.03 (b) 

.ajLLIj +3 (c) 

.«Ub -3 (d) 

. Jij-Jl |JlA <j JUiill oULjJl J*!AjP yA ftJl* Jj JL£ ^J-JhLl^o (e) 

,. JjJail 4 jjL*J> AP*>L>I (^jL~a <J £Aj £OU?Yl ^p\jj ^ +*“J .40 

Ja*^ Oli Jdbj 
.^UJjYb aJlpUJI J ^ j^> J-^^>* (a) 

*C^ £+r* (b) 

.4*jjty ApYL^I Jl^kf (c) 

ApYW 2 ! uM) ^d) 

,oi»jlail yA JU jil 4$yu* 0 J.5 Ja-^1 Jb-i^ (e) 

l3+* 2,2 JpYJ OUj»tjj cUli L }+ fc- <j £yi OJjl ypj —.41 

-l*0l yfr jjp L A-j (_Jl5j (_£0Jl ^jp ^ jftll dJpli JU J p5** -(3®^^ 

^LT 0.5 (a) 

1.0 (b) 

1.5 (c) 
•s*^ 2.2 (d) 

. JjtJl -bJL>x0 ol*^1*11 yA Jbji £-ll^- ■(€) 

^jU, 1.32 x 10' 7 joaJL 3.88 x 10 7 ^^ J^l*- 01 .42 

.5.12 (a) 
.5.12 x 10 14 (b) 
.5.12 x IQ- 14 (c) 
.5.12 x 10 49 (d) 



ji! ja : Jup 


.5.12 x 10^ 9 (e) 

AjjljJl ^LX lM A*tiJLJjJ UlA ytS. • AjJ^t ^LX c——>r A*«jaj j-ft aJL^JI ^lX * .. jj^ .43 
?obL*> (^1 300 a>j!jJI fb? Jjij j' bU3 c0.5 c£60 

j* dj -j^ ^ ( a ) 

.0.5 </jL_, 300° V,j'jJ» fU s^r (b) 

.—0.5 300 <j_ jl jJl ^Lc i_-*- (c) 

.-0.5 jf 0.5 iS jL-o ji j5U. 300° Vj'j 5 ' fU (d) 

,yL*aJl <^jL—i 300 4J_}ljJl t-—(C) 

A*jjl^sj-iJl l ^5 ~jl^*Jl J (^jl^jJ.1 (J}y\j]\ ,.-. fl . " '.. '' >I j| .44 

•*•** > (a) 

.0 (b) 

.1 gJjLw (c) 

. ljJ.1 i ‘jfi’ JLkj ^S- 1^1 4.T pi ij^dA (d) 

(e) 

?AJ^U aJU! oljUll .45 
.ap%> 1 JlUij JSLio »iJiU JbJL^ (a) 

. aJ jljJl ^JUi? JJ^Jio AjAj£ /_^vX (b) 

aJl^IjJI dUljj ^-LU Uij j JSJio cuLiil -AjAj£ (C) 

.aj6U^. ajjU* olihll (d) 

, j^LwkJl* ci.<.l*.^..Ll o| 

^ -4a: 2 + 17 * = 7 *bUll .46 
.jJ^ic.JdsUi (a) 
.aJa>- aJ^LrI (b) 

. A^a-j Ji aJ^UI (c) 

•^' e u < d ) 


.«!>U-i Jj_j U 5jLp c$l (e) 
^L-2 j-U j p-U- ^_^j£ jl .47 

> (a) 
•yJjji js* ^ (b) 



jtufi cJlJl jLaM 


^ (C) 
•ffrr* ^ (d) 
.(JXa* ^Jlp (e) 

^*ujL 5 ^ AjjL^-wJI 4j jtjJ AjjljJl ^ 3 *48 

«* 

^^>«jJl ^1 4^*1 Li*j 

. jlyJr^ JjW Ajjlj (a) 
.O^Ji A^jlj (b) 
.pJliJ! i^aJl (C) 

, 4^*1 jJajl 4iL.»J>l (d) 

. J^Ull Ja^ o J\ * (e) 

oT^ll ^]aa1 .51 jA jl j jiaJ i ^^ 25 c£ <S -ill (S jLlP^b *i>- .49 

4,1a <*l oXU^ L^^*^** ^I j-A ^jL^Aa)| Jb*AU^ll *j\ 

(a) 

. 2 uja_>- (b) 

.ajlj y (c) 

4)2[jU> (d) 

•*** V (e) 

JS”" ^ iSJ^*) (.V^r* 25 j'AaC. y 1 *^' ^ tc/Irr*'' y* dX>' Jp .50 

44^1* fUjf AajJ? JJLjo ^j^rl Oj>Pj JpJUJl jj-La .^b& ftf J 4JO jL 

-5-UJi J^ 5 ( a ) 

. J^.15" jS^jo AjI^" (b) 

o*XpL****« ^1p (C) 

. 0 ^ 25 j'-Lir. j&'Sl\ ^ (d) 

. i j^S'[jla j>-l ^ ^^is> (e) 




















Jj ^4 . j^olj 1 L*J^ t^aJiJj tojLi»t>U ola»>-^Jl ^as^inw 

jl i?Li5 y oLJlS" '‘{J^ ^ *s-y>S: <j$ (J 5 ^a*Jl jy^ Jjt>- »A»".«*£ 

O• «**«! 0. ^«***?*-* <^,*4 «*■»!■.«■.. 4 

^» * ;)?^ (7t) pi c (2 ) jy^ clr 4 ^ .Lift* 

• bUpf K «) t/- 1 -^ 1 

* * 

.yi*si\ <Uij j I l-iJil ( yfr l^JL^ IJLxj JjcJ yJC^^A J^Lii Li! ^ 5 ^ ^!apS/L ^LJl pja-** j—33^ 
aJbSvJL ^Ja ai .ajLj e Ji* to.>aj£ ^ 4 j o ^iaj ai . y* % j! tSa^j 2 5—^Ij'VI t)j— jSj a 5 

y& ^ 1 ««, r <t* ^^1 ^jg i L j^&S\ ^laii! oa.fcx ^T ' taji^P I 


Jai 


fUadl y£\jyJ)i\ J .,^a flj .^1 UJl <J ^a>fciwJkl AJljjjiJl olaj»-^JJ 4P jl asTj^ 

^(Ja .(JjjJl fUiJl j / ^i// flkJb UaJ <^aJlj (rnks) 

^paj <^aJl t( fps ) |*aj>cX^ j L.»Jj c^Jj^ 3^-*^ o^Lp . ...p 

<^U*>f jl 4^w^Jj o!a»>>^ oap ^Uai ,<L»L*Ji ^vj <u^Jj ^LaJjcll c *tU:, i(> 


(SI) vijJS fM 


onks LL* a»?rj -<Jj^ <Ji yiJ' AiUL c^ailj cSI <31 

cr* ^iaJl ^L» ^ jL*\j Uja>- <~-*'j* ^^-Ul j yS\ Ju* 





kJLtfsll tbjjtfl :Jj^ wjUI 


^tiJjLlj ijsjilj iU&tj c^fjyfj, V SI j olJL>.jJi r _ Sj 

4^£6 SI 3 oljb-jil cJ*yu .('LljcII j olijkl jl oljjJl iJlP ajlll *L~+S'j egj^JsJf 

cJ> j*J~* j . <J,1_^1 ^Jt- ^JJlS3lj £4*rj2 jt) i yjiliOfj iAJttllj _ GjldJlj 


CGS 

4(L*Lc 0.01) ^ (cgs) ytf-fl r ^'—•* fl—k J *-—-»L*fyl —Jl 01 

0yil5\Jl> A^J}\ L )jiu jL*J) Os- jJj eZJhllj 4(1 *LC ^ \j —Pji-S" 0.001) flj- -*//j 

^ cgs 3 J^lj 4 *>b-Ul^ 3 ij 4 aJUJ^ 01 ■Jjl'lj c %JJld3lj t4(273 —* b-j^—k» 

.SI V—ii 


r l&fl 

fi 

4(Lj jsj 30.5) f-ULfl ^ 4(fps) Jkj~ffUaj ^ 4*~*U»yi oljj>-jJl 01 

j3j 4 Ajhffj 4( u > jty jk** d* Ask^'l 3 2.2 Jl^ £/^Sj) J^j - h 

.SI 3 fps <J J4^Aj-Ul£3lj 4jw»Vlj 44JliJl 01 t 5bJJ(S3lj 4 ljBf ,$*, 40jli^ 

si ^ i^J-uiVi 

0 1 

. L$jl* o>1jl>- j3l J\j ijZ+Lj 01 4 ( j^La] 1 |%JaJ 3 4-**b*Vl oIj^-jJI 01 

.AjuJaJl 3 ^il yfcl^JaJl jl UlJ^yi ^yajUaiJO ^£"1 A^L-SH o1^j>-jJ-1 

jlafl 


4iJb>iI1 oU!Ak^yi 2^") ^“Ij^l jl ^^kkl JijtJl jl J^JaJl j! Ail ^J J a-^L-S/ 1 jJl jail 

(3 ^*ll ck .m Jjp jjA^ajl j*^f\ c3 j*jiy 4(<—vX) f-^iJl -J ^-*j 

aJL^^I 0 ^k)1 o jd* ,LJj» j c^jb j 0y^ v^Oai l5 1p Oy ^1 p bljJl 

d3 k^j JU.. 1 31 Ly kfll l Oy (rn 10 ) 1 - ^ '^ r *t *~ ®j>;—^ —*1^ {j—* 

Lil JU- ^j^jSfl l$ L - iSj >"^1 ^^ykl oU> r]^ ^. i .1j 4jU^1 ^ *((1""6) —^1) 

^Lp b U i p l ^1 ^bjj 4(4.0 ^ 10 ) 0^*b 40 k/* kj .d^jf-bk-a 0^5^ 

. b-OjS/' ®^^^1 J y>- 0jt^J 1 0 ylJLll i3jbx>-1 


£_}j* ^ j-0 l^wjgtfT ^Jl <0 LJl 1 j ^i5*t ^b^l ck^ j^S cJ>yu 

>1 g;jUij .vu 3.33564065 * 10~ 9 cAJbil & ^ Ojk ^ ^j-^r 3.33564095 *jia_JL* 

* 

L.JUP JJil^J 2LblT 0 Jjk Lj^a> 



C**l jiJl j OUl?~ i^aUJl J ,nd I 


JJ*-* 


^ j«J 


m ■ f wm 


10,000,000 m 




p i eiuiVl Jak 


.pljiuiVl (j^aj^U ^^ILuiJl uilrrtll jjua 10 -(!“6) Ji*SJl 


.kg ^ ‘SI <J 

^aJl JjLJI *lli ^ (^J 1 jl) <*--*£• ^ 0.001 «JbS" ^ *UJl j cJuj—jj c£j—*■ 

.((2-6) J£aJI) 

.1/jJLSUl .VUT ysl U,yJ fbty .JLft *UWl J^S.1 ^SUj tljbf Uyu ^mydl Lift J \j—i v 
Dljj^U (jj-Ul t—kll ^ 0i«J-L ^ jtjy* i;—I#- ih—S* j—» 

•a-^J 





0.1 m 


0.1 m 


(Jjlull «U1I (j* . jj a 0.001 ^1j£ 4ji ^jlc- ^ j»ljc. jLSIl *—ijc. :(2~6) J* 




4.O-X^rj U~ijl 1 ^v*»A) k.g 1 4JbSsJl ^4-J . C.. ....I AilSsjl Oi LajIj 0 <1)1 i »-d 

4 J^Uil (J ojjJl .ol^1 0^ s^U^a]' cj jl £J^il -?' J^-^' Jp kg 1 di-fc j4~fjd^Ul Wai 

.JUjIj 2.2 J,ly- yjNl ^^Ip kg 1 aIiS" uy*- jl A^iUrl aI^JI ^^Ip ayjil 0yJl y 


• ^'JjJl Uj $*djb 0 ^^Jl <ju f-UiaiJl <j a1i£sJ 1 Oy* LoJLj 


jLp-S/' yxj Jj) s Jjlit y ykl cj j}~\j U y jij eSI 3 yj^ d-X^-j y aJ^I 

y 1/60 Ujyj jkj <^J cAiyOl y 1/60 Ut aIjJI <j AJbdl y f .(sec jUa— 
y 1/86,400 c£jb~J 4jlill 0U Jliiljj .fjJi ji* ^ja 1/24 UjjJj iS jUj capL~J1 

«-U Lir'j s 1 ^y .(( 3 — 6 ) J^kJl) ljUf Uj y yu yJi 14 * Jljj \ j t-k*y» fj —i 
.aJL-lT Sy 10 9 x 9.192631770 yfd ^ r> y- Sy l*iy~J ^\ yjJl ^ Ut J* r l^l 

10 8 x 2.99792458 Aik^* <JIaij^AJ A3yi*w ^JJl y*jil Ul ^jJp kajl AJlill jLipI ^j^-c 

AiL-*^ Jj«_*j ^jjJl 0Lj c^kp" Ji oLc.j .j-4jaJl ^1 4iLkl ^4 jjI a^^ e£jko iJu&j .{.kudl 3 y* 

* 

Oj^r CjIjO tk Ij^k d~k" li| ^ 5 ""Jill.* . y?jSfl /^P ‘LJ^<0—<LjIj ( y I 

jj^LlJI £ JXlI *-»j 4 a+* ^Lp ci ^ Ua aJI a*—a kk i ^ 

^kw- Jp jj-dP I y\£ y Aj yjSl^ ^^ip ^ y 1 $->-jk aU^^II j! oU-lxJl 

U¥. a!>-jJ ^LaU ^uJ\j 1 d^ljLii d—* jJCLwj^ ^ <j g.1 ya flH .j ^ tfll 

A*JJ jl yk» All L? ip jjSsjjJi <j i-Xs^ y 

OjJf yy I c£j-kl ap^ ykil y -k;—SkJlj 

.Ailk* 

6^1 

^ly* L^l K yjij 4SI <J «a^LvS/^ 5-x^-^il ^—* j—il^Jl 

6jl j^~ 1 A>-j^ yJ ^l^bj djlykJ cpLiJl t^llall j&+0,\\ A*-dJL) Aj>rji jIwXa! 

j Jj6 uf ^^ip u? - j yi£Jt .jijaii yki a>-jj> K o djl j>- A^-ji • Ai^sjf j 

A la a; 1 A*^j^\jj^y djl A >rj$ { y t>y>r 0.003661 jJ-XjLC. (QL^ajjj ^1 d^bj^ djl j^~\ A^-jJJ 

K+ 273.15 A>*jjJl (j jt) yji i£y~*A j ^kiii ff.Li! kkdt .(yJl) ^^JaAil ^Ul 

.K+ 373.15 a^jJJI J (c> fc i5k j) 

t^L-JL) A*A>di\j .J-«J9[dJi Akaj -kwaJb Li| tc-lli aJI>- 3 ?0*>b Ajajlj (Jy - ( jP jf j Ji_J 

aJL>- (3 “dk-^ t jlp ^Jp f-lll l * £ *,t 0i ■ la w .|<al 

.JUaJI Akii Ut ^^Ip u jj^illl dLp j 




C-jI jiJtj O'Jl?- j]\ J./mJl 


1/60 S jjJ 



A 

j *ujaj 



1/24 o 1 jjJ 


(1/60) (1/60) (1/24) <> p> l«J Je. lJij*j ^ JL!u :(3-6) J1AI 

.^uwuill (j-« 1/86,400 jl 



jb A JjLU jjP ji-SsJi ^ jA> tg JljLdJ 5-b-^Jl y> S/I 

_ r g5" jJiLi ^ iiU s]ii Lj yu iJlilL 10 18 x 6.241506 ‘(^rnp j Uai^ Nlj 

.A 1 a^».3 IajLIjIjJ 


y tj>r y ty>r j-*j (mA) jyl j' C->i«b>-j oLp Ui — I?y 

Cr 4 y*3 (}iA) jyyi jy^Ui ,4iXi ^Jaiu y 2jli)\j djj&\ 10 15 X 6.241506 <jibj ji jj-—*S|l 
.a^Ij AjaiJ ^ aj'^ Oj^^Ji 10 12 x 6.241506 ji c10 6 j! j&r*S(l ^ ty* 

it 

jl L 4 ^k-w*o jl J-^>o jLiU d~b-j j-*j 10 9 yj ( 11 A) 

.oli 4jaiJ y aJUJI Oj^JI 10 9 x 6.241506 jia; 


j 4i>\j jiJJ y A 1 :A*j -b- J,[ cb^aj jy ,—*^Ai ^—c - j3l <Ju^—*iil 

3iL—« /^p jl-ifcoj tJ-*LS^ N L^t 4 jj jvix^j 

I4i» oli^xJb* y* J> y 10 7 x 2 £-Lj 5ji t^i-1 <j ^ 1 * 1 

oU5l5^ ( Jj£ dJL^» aISCj^U ^ j'yi yy ^cljg—4 t 

A-^Lisi l)^J\ jJ*i]l ilp iLtUi tL -^ . y u k ^ -\ ^ Util (J Ju>rl yj> jl ^j^JT L^iaj A- ill* 

.Aj jl yy\jJi ^j^JT ^ Aj| ^J*4 .^j>*l 0 jJl 



AjJJh It tUjJS I : Jjty ulll 




. cd ijdjb* jjP ^aj jJ.So] <jvi j£.' li y*jij <-i-5j-JaJl oJLt.ll aJj>-jJl *>b JilSsJl 

(oliiL ojj^) y jA 10 14 x 5.4 ay* Ajt*-ill A»-til AiUaJl ^ o>l_^Jl 1/683 <s jb *~—j ^ 

ob^lla^lb <?..!* oijb ^ jLol lJj jc^y OLol ys» jl>-1j L^i -3 a.1 _ > 

4*£* ^jA AU^iil (. j-JaJl a~*^ ^a Lj jij cd 1 jjj Ja—ol ojjj*J -L>r jj t^SsJj ! A*a— j j*Jl 

.Aptp 

JjsLl>j i ^1 p V J apLjI ^JL»-P c_J^jy,— <*)1 

* * % . 

^jA QJUlll ^bct^fl c Jaj ytxil iJLi liij cd 1 .Ajjt*-jil Ajc a ^xJI ^_jujAJ rjA iii JS\ J &J 4jaL*t ll 

«-L^L A>rji j :p—Jrl J>IS" J^Liu jv—^ ^ jJ* 10 6 X ] .667 AI^L^- £«ia^ 

j**® 


Sjjlil j\P Ojbt-^Jl AjjJ^j^ll u3jj3-b Jji-J ji *J COilil A^s^J A^LJLll oL^-jJl J j-ll 

jJl*. yt,j ,10 23 x 6.022169 Lj jj iSjSj >*j jjjltjjf >Xu Ua—J —Jj .mol 

(J L? jva ^ »l le-j-i j>SaJl 4l2-jjJj^J^ ,jj* kg 0.012 (J ■>_>*■ _J' oljJ—ll 

,LJ>bjjli AL^j objjj^j AI-y* ^1 p 4jly 

^jl A-j jxll 0*ba *J*>-1 Ail .g.L j».*$\J| <3 A^^Lp-^ 4f.b^JjJl ji Lp (3 (_j^***^ (Jj——^1 ^Jbu 

jjjJllb b jAA bJLP JuS^Db JJ ^UjbJl jl^j VJj .b^sl>- bl$^ li» Ji Liti ^j A«-JaJl jXj 

.(5jl^j Aijja) 12 Uj jt 1.000 Jt* 


jJ) ^Jc, AlaaSU 

aJjL* jjP ^jA joljUa^-VIJ oJJA jl (jVjl-'A 5 ^^ ; ll o^ba ^—>-j L—S"* 

^jbdl <j Av?l>- J-^Alib ^LaJ' ^-Lp jV j} ^ jl ojl fiji -—^ 

jl OjI jill <jiO ^j-jjJl <olJL>-^ll oIjLmOI>-I jl Jj-*j (jy ^JL>JJ Jj Ablil —*>b 

jf b,b fc UJb JtL-. cjju JSCto cj >1 ajLT -Up .oVjUII j ^ ^Jl o 5 UL-*ll jf oV 

-Lpr Jit* ^a s . A^jb o^Lp C^Jj b« c_3 j^“ 1 AjbS^ ^Ap Jlp ,^b*l KA jl V juxL-< 

* (# * ^ 
.A^-Ij'yi jl ^j*-JI J.^:l oiLp ls ^JjbL* AJliJl c 5 -dlj 

• ' J -J V .J>j j' I 4 J ^jii; aJT (j aJLJlI aAA iJ^L^i j^l ^ ij j la:i J —1 

(\ij% J^Jl J IS jrull ^ J&S v—j jt I la... .„ i _,X_J (/j_Jl ^_ .^1 IJl_J. j-JJ: 

!a*UI 



CjI jiJt j OtJb-jJl J-aiJl 


«* 

j A.»„—jlII ^ j^iaJl C^lJL^-P a}^.*1 yi AfrjZL* ^ Jjau A£jI*mJ 1 Cb1U>-^)1 Jau tj oilp —!X-C 

olJL>-j)! 4*:.tli o!Jj>- jJf oijfc Ob>-Vl <_yaju (J jjunsll <Sj£ *c£j^S/1 o>1 *X>-jJI ^ J jJjJi 

j> 1*1 jP^J^T j1 i^ji^a Ajlj i*5bt*) A->C^ljlyj! o0 l) 1 4-Jl£L*1 ^ja p_Pjjl ^P cA^L-S/1 
til jJLJ ^ £~£ (j jl aJUL* Jj j! *.bj-ill c-^bS^ j oj1jL>-^J l awL& ^ b£j^ OjIj lij '(“1 « 

.A^L-ty C*»iJL>-j5l ij'yJL C--.«.^ ^31 AJb-ii.1 oJL>-^]1 J,1 j|aJ cJU .cJl£ N C^li 


<Wj» 

(^J^b^o a]^ 1? jjb Aj jljil Ajl . 4j jZ+ml f A/jj/^// ^LbJ A-^b^^fi a*X>-^]1 (rad) Ob^ljjl 

oyLiil jS "jA ^jA aJLCj Ux>- i>-lj l)1 . 0 jJljJl j4a—^-»-UA <£y+~A <J L-tL* ayljJl jja* eJwaj 

1 A^bil Ajjljil .ajjlAii j5T^1 oJ^rjj aj?ljJl La^ 1*tfc a ^> <_JlL Ja-$M ^1 p aJoaj ^1 

J^l? jj^vj ajiiaiJJ ^j^gAiwJkl j\aU-1 bj f*3^\ Ajjljil jA jb^lj)1 :ajLju^ ^*T juyu .rad 

. ^57.2958 b>jij c£jb-o Db^ljJl .((4 _ 6) J^-iJl) r Aj yiAil Aatblj ajjoi]1 ^iU- 



AajSlLuaaII L$al jaw (JjSj ^allj o ij *ilj <jj 1 jll jA (jljjl jll :(4“6) Jly*S1 

%r J (Jjjfca clali Ajj^ldi j 


i^jb-oj deg <>y£ (J* jUal^^b jl (°) Aaa J\Jj Ajjljil A—j—4^ 

<J^aj objiaJl ^jA LS^ js^ A^jjil ^jjb 0^ .aL»IS^ ajJb < j—* 1/360 

. jb^lj 0.0174533 b> j£i ajjjI j)1 A^-jjJl ^jb*J ,Ai«Jl ^bl bjL ajjIipI t b*ju3i 


^LjjI jiuJi 

sr 1 A-J-*ai1 AjjljJl J^*«j *sr }a jib U> y*jij c <J^aJf </jfjj!^L aJ A-^biJl bJl>-^ 5l j* uLjlj^Jf 

a jjljJl aJ-4 ^-^1 ^ia—Jl ® a jS^ £ jA ^ A-^ij ^5 j U jj -*■ ^ 

.jb^lj^- 12.56636 jl 471 AJbl^il aj^Jl (j .aj^Jl jja5 cJwaj ^jA J,1 bjb-^* aj^Jl 



4 juLLLJ 1 frbj-iil : JjSl 


LpJ^' 


4^*5" jA .N < —^^~1 j {, ‘L&lSCjl ejjJl ^fLjtJ 4-~*Li!l oJ~>~^\ *£> yj'y* i(I 

^j^\ iy yli 2 .(lm/s 2 ) £y AJli JS" As-I_j y* J-U*. ^jL«i" kg 1 u jIjUL. ibT J— «L 2—-j*>Ul 

j i,| o^^aJLj a l -K Jl ^jL«j o^iJl ..*^j jl 

.(kg. m/s 2 ) ^ y aJUJL. y> - J>tj'tL t SI ^ 


J^aJl 


L*jl qU»J 1 :.|^* (j 4 A .j 1 > - fijow? oJL>*J 4 jj . J L-i aJ CAiOaii 4 ^Ldtll oJL>-jJl jA JjjM 

jjjdl tSI ^ U-U-Sfl olJb-_jJl Jt LiJLP lil .(n.m) y-Jijj JyM y-»l£o >( .—SyJ-l - 

# _ * s 

3 JL>-j jA P 4 j* 4 iL~il dJL>-j ^jX. 4 jJj*za 5 llxJl aJ^JU J jlr\ 

1 J = 1 kg. m 2 /s 2 


iiljll 

j a 5Q^J.I tfUaJl y lo>.tj Vy ot^11 jyl^i . w C 6j~LaJ J 4^*> LdJl 0 JL>*^Jl y& iSsfjJf 

jf 4 juSA,I A>UaJl jl <UlUJ| Aillajl ^Llil JjLit* yL5 SjJjaJI caUa^-I .(1 J/s) y* d-L>-l j 4jU 
US' UU SI t) U-U.Sfl olJb-^it iJV-b ol^l y ^ yu .A&yJj UUaJl 

1 W = 1kg. m 2 /s 3 


CxjljZft 

<J\j yS3l <U>tSJl 4jJ .c <—*^ yJj (.A^fbA*^SO A-yxLw *<^)j 1 $A>*^jA 

jA of Uiaji JjaJ 01 . Lj jOj 0jjiS3l 10 18 x 6.241506 ^ 05<j 3.s^-_jil 

.(Ojji^l^ ^T) jl oljjf oij yjph (j* tilta cj 31 aJ\j j4^>\ 

<ui 4j^1? J>\ 0jSsj 01^* c^f (j jl Jju 13 $.lJij>- JjcUj dJl j 3^bs«-^ ^Js> —c L*-U—p 

t -1 1 ^1^ 0 1 ^ - ^ jIaHiII AOIj ^-' A h<m\* 

.(1A.S) aJIj ~jw* 1 ^jL-»o 0jJj^Jl i^w-L^S/l jil ^1 3^^J1j .(0jJj^Jl ^ 


cAjil\ 


* 

djjSJb lOajl ^PJbj cO j^^Jf L$y jl 0 <U^*>LaJ 1 A^L^'^l dJL>*jJl J & L^Jj—oJl 

jy*i .(1J/C) OjJj^JIj Uy 01 .V u3 j £-[j <J c(emf) 

^jlll 4^.xLi 4jL?r AjjUsj TtlJ . l> JL>* ^1 3jOW? Oj^S"" 0JL>-J ^ \ -*Jl (J oJJ_fljl 

013 oUjliaJl ^ julJ .V 1.5 Jl^>> (.(itjUzt <L0a>jJl (J ^JL>ti*J<l 

.cJy 13.5j 12 o^ 1 jl^>-- 3-b»xiil ol'i!jJl (J 4»;^llj 55"^^1 3 y&\ 



CutjiJtj OtJL^jit 



-Up .(T2) ji-^Jt ^bjJl <—ijA-b <] y*J^3 t 4*/6 <AyULaJJ 4*—>Ljiil 0-L>-jJt j ft cjV' 

* 

•J&i fjSlt til , j±+a\ 1 4*o^3 jbJ 4AjULLi 4^^t 1 Aa *^\JiA ^ip O-i^i 1 41^g3 U.^~>r ««b > 

.(V/A) j^Slli oJ> oU, 


j Irtjuili 

mho t-Ajt—■* 015^j S i—iJy <1 j^jij cyy j&^' eJj—jJl *—* ^—. ' «.■ - // 

j_u^~Jl jLxpI .Ojliil —j jii* yb iJiUll .^Ufl^it tijk ^ys^aJlj ol^/l <j c£_F_** J 

jciiJi aJUU Gj Sj-Xi* L* oR c-jlS~ tit .(A/V) o-tyJl» j&--*t 4jl 

lit 

G = 1/R 
R = 1/G 


?jt* 


jl ZJiilL Sjjj bLL* ^pJj 015" .Hz 4 J y*jij c jjydl a—*LJL il oJb-jJt ja ^ 

t % ~ * t * * * * % 

Ory*^-* jt o^lp JO^ ^-lij . tJj>r ijbw? tjO y yyt \ ^JjUj J <.^LJL ^~t ^1 blit <J OjJW? 0-U>-J JJ j^t 

c(MHz) ^vv ‘(kHz) u*>U>-jit o*i* ^^p-u .jj yM ob^Jjy jt jy!>b jt 

Ja^ 4Jt (^t c(s ] ) jtJJiib SI oU>-j 4JN-b yJh\ ^P •lM* J* t(THz) y>» /» ‘(GHz) 

^ * 
.t\y»}\ u aju a5"jUj Mi ^/a^lp 4-4W^bj 


jt jun 

C-Jjjiib 0jJ^5" -L>-tJ iljbsJt *yl£u .F cJ*jA-b 4 4 a **jU 4-w^bJjjt 0 It ^ ,_^ «j/^C_a// 

# 

3 lA-U*tJU- ^Jt 4 a—J t ^—3 ^ jaw .4 OjSsJ ,^A*A^“t ^1 blit obl—W (j t Jj>r OjyS" 6-U>-j ^tjt oJt .(1 CA^) 

Cr* * j* Cj* <-j* J ' (j* '■J* ^ a 4 *i*" Vj dr 4 °' J lj —^ 

.Jt>Jt ^ t (pF) j//i# yi> jt t(nF) j//^ (|j,F) - 5 //^ jySCllb ot-U-jJt oJu& ^Ju .itjUll 


Abb —cJ^i Jj>-tj ^ 3 l^o y 1 ® -U>-tj .H t-J 5 .aJ y>*-zU U—'bAit dJj>-jjt jjh c£j^J>f 

pj ^ULA jt .itjlilt jS* 4 Pr jJj j^ij bLp 0J 1 - 5 " 0-b-j 4 -ji .(V.S.A ^ 1 jl V.s/A) »—*^lb 

Oj-L* yA 1 J>r jt cjjt yA ty>r Ajj yy 4 JjotjtjJt <j ^jt 0 A^j 

. Jtjiit ^ c(juH) (jyi* j^SiUj (mH) oiu^^Jt oAa .^>At ^ ^ 



♦Ujsdl :JjS' uUl 




1^:11 jj iJL*- IjyS' a Jo- j jo jJl . Wb aJ y*jiy t Lixl) fjfj*xzLI ^a j\j jJf 

A-aSvj ^ Ui! J jOjJl .(I A.H) ijJ^-J^\ So\y J}jj J - >-\y .A-—L*Jl 

> 

♦ H I Avx> j£- c-a!> J$ Jji-Ad A 1 A*k OjL) jLj a]xv-Ij/ 4j*uIlLl 


5Uafl 

joj Jo\y ^ilS\j *>L*J ~L>-Ij .T aJ y*jij i.^^UUdf (jfiJidi 4jLt$3 a Jo -jJl jA _ zfl 

% 0 

j* joJ .jOcJi ^k-Jl JLp Lpj>lp jijdl jjSC 1».lp dikj (IWb.rrT 2 y\ 1 Wb\m 2 ) £ j —ill* 

£*JLkkJ jyMj Aj>-L^« aJo-jx k j^oo- aJMJj ijLo-ty t3' ^"" k biill (jjjuil Aili 5^ 

.kkl jijdl Jk: a-jLS" jp 5iJj oJL>«i lil jJi jk JjLJI 


LlAi&Ux*]) 



aj^*> o j jl j&* L*-^ jl L?ftPj^ t3 A-^LJiil oi*A>-jJi l)j^\j 

^-A ^ !oJL*k^ aJLL*^/! ULL* L*jij , A«fi<fl,kl flLjkl (Jj ^lp ^4 j\jL* 

L Jis Jl 4**iJwiC. \s*) j ^ t i ~ A & cA .si 11 cLjLoLj ^ULuJl ^ki>cyw*j • \h \y a . ) I y t yi •— ) jk\ 

.ol*JL>-jJl oJk 10 o y* oLapLa* ^jp ji-jtdi dlta y co!jl>- jJi 

e-j^-) 10 24 V yj j j 3 y\ 10 3 oLapLali ollsL ^jJjS tA>UJl 4 Jlkl <j 

J$*Jl !v j+ 48 jJLp Jl^i IJa ^.(jjiiw*) 10 24 ^>- 1^ 

jJ oUpl^all ^1 — 6) J>-Ji .A^-jJl ok* A^bAi^y Jjp O^Ajk JliC. 


(1-6) ilytA 

?jj jiAj j> U .GHz 5 yy~*^ apL* uj j5 ojapi ^ 

( 1 - 6 ) > 

GHz 5 .Hz 10 9 jL; (GHz) j_i> U^l jl k__^^ 4(1-6) JjJ^Jrl ^ 

.Hz Ojk y\UZ 10 9 x5^U 


(2-6) 4JU* 

* f 

?jilj-UlU A^kJl oIa {j; jlw-J 1SU .jiF 0.001 ai*J 


(2-6) Ja> 

fiF 0.001 IjJ tlO 6 I oJ>-j jl Jj^oL. il)' 4(1—6) (j—• 

jiii ^ of ^ .f = io' 9 = io' 3 x io' 6 ao' 6 x o.ooi */&j 4iijU j /*u 0.001 



wjIjiJij J^l 


j^Jlj — toUt tl) y* L* Itc_«> c(nF 1) itjl—i J—iLS 

Ull dJ-A 4 jL^o fljJfl D^L^aij p-$J tdJJi ji ol*~Jl l)j^S”Uj 

.(pF) ->ljU jSL 10,000 aa»LJI 4^*a)I o j*£i .pF 0.001 

(3-6) AJL*a 

K^ii\ »Juk ^jL-J liU .mH 0.1 -c^J J*t/■ Jo ^1 

(3-6) J* 

tsiAJJJ .10 3 J J! j*J> ro ui^Uail ut iSj— j ot j —Sot. t(l-6) Jj-a—J rt j—• 

.0.1 mH = 0.1 x 10' 3 H = HT* H = 10 2 * 10^ H = 100 |iH 

.l^ji jL-tfili !j djlic-L^oli djUotj :(1—6) 


LJpUfcBfl 


ullD 

io" 24 

y 

j&Ji 

io- 21 

z 

J^J 

w" 

a 

P 

10 15 

f 

a 

10 12 

p 

A# 

io~ 9 

n 


10 6 

mm J\ p 

jjSjL. 

io~ 3 

m 


10' 2 

e 

i yl^ 

io" 1 

d 


10° 

- 


I o' 

D J da 


10 2 

h 


10 3 

k JK 

M 

10 6 

M 

\jL±A 

10 9 

G 

\ * v> 

10 12 

T 


10 15 

P 

liu 

10 18 

E 

L-S] 

10 2 ' 

Z 


10 24 

Y 

13 J* 





J* t>S >1 lil .'Ww> lit J± u (^L-dt jSol ^Jt" >j jl Uil ^ 

. ^^p-1 ( J-*I ^p ^JcJ ^ lil cOL—j^J Ajilujl 3L^-I 

f Ljoftll JjIL» LjUJabjII 

A * ^ } 

.3iL ^a c*>lJL>-j i^\ jji 3i^vs» .MJipIS”" ®^Lp ojljill t4i—>*-Jl *0>» j 

pjjjU^iil ^L-f ej cl*^]a3 Jl 9 ylaJl Ja^ ^\ t7T j -UJ/ 4J?U^ c^ljilb UJLiP OjI ji !l 

^ f ^ 

^jP ^/li* c C—jliil ^jSCjlo .d-jlilLj L $]ajj y~ aJl>-j L>yaj LaJb f.L j-jijl <3 JL>t^j .^Jt*4ajl 

.oLtlb ^iLb 41P L$j£ 4 f.Lsiax]l ^3 S' ll 4P 

(^L aL* 15" o-J'y JjJjM Ikfc jJiUj *)lj j r^\ cujljiii (2 — 6) J sj *—j 

V~^ Jj* j' ^jlk ^ ?JJ-U-l IJLft J 'jill dijb JT £*j bU pJLj J* .JU- 

\jjt |»Ju4 lM /jSoT 1 g ^Ja** pUll^ 1 Jjfc ®f.l^3 C—ajIj 13^ ,0N^ ^kft —* J—Lfij *)l -1 

,<^U£3l iJlA 2*1^} Jbu JjjJrl 

j^jIj ktcfj t\jyj2\ ^ Lrj LgkLjjl 4 *jLS"j JjJjArl (3 CUjI jiil ^jC' <*li *J 0.1 ft 

j*aJI 

(jdtfeuikl) 4^j& 

* *■ * *. 

i uS" L^julfwr L?-'-* L 1 .*>w» ' *ll jl liJ-i LisrLL* jXj ‘il 01 >—-f: 

kg 10 30 X 1.989 fij \i/s,\ J^io Jij-dl r lJ^L ?W ^ iiL l _ r ^Jl a1^ ^p ^dl 
0 2 ^ ^p l)_^ i*i2 idAii 0J ^ dJ— 

.(Villus' U J& dojis' jlpL-j ^ kiJUi) 

* * »* # 

^JUJl ^jjJL 4jJ .ajljt JLp I Jut> 27j 2 pi^Jic ?j ^LiC jl 2 ^— 4 

(km) 2,000 4J> l^r Uj^ ONi J/ .10 9 X 10 9 X 10 9 X 2 Ji AJu^i ^—50: .10 27 x 2 

km 2000 *(mi) 620 Jl^ ^] -km 1.000 ^i^pj c \S 1,000 

J Ijj^p c^LaSL* IJla *>U j! ciL 4 c-JLk 4jl jla2 .[(mi) 1240 Jj y>- tsj^* 

J\ c^L>- JjI/ c^Lx^lLl oJla pjf«j>- 0] .(mm 1) ^u^L>* 1 l^i j>- 

J (JJl£ dJJlP ,<Lo>*Ap^ -lai^L* ^IwL>iJwxIj o^>t^all _A^ll o*j_ft ...< Iw\.^ 

J-P (JjjJi jl) o-lP JjUnJjJ jIaj CJlj c3j-WaJi 



CjI jihj OiJL?-jJl :^UJl J 


.AuLjjill Cul^iil (_>aAj :(2~6) 



Lu all 


'"sun 

kg 10 30 x 1.989 


'"earth 

kg 10 24 x 5.974 

<> jVl Al£ 

n a Jn 

mop' 10 23 x 6.022169 

J jjlt jSl .l^t 

^moon 

kg 10 22 x 7.348 

jail! AlS 

r 

sun 

m 10 8 x 6.970 


C 

m/s 10 8 x 2.99792 

pLoall ^A L&a-M jlwojl At j** 

F 

C/mol 10 4 x 9.64867 

^bljlA CuIj 

^earth 

m 10 6 x 6.371 



m/s 10 4 x 2.978 

jVl 4jl JjJ <c- 

e jf e 

2.718282 

Ajxj^aJl CjI ft 

71 

3.14159 

lA^iaS i • Iiaa Aluaj 

r 

moon 

m 10 6 x 1.738 

J rttll 

Zo 

O 376.7 

c-U^A S^xoaII AajLaaII 


m/s 344 

Aja^p j C AlaJI ^A At 

AxuAjS ^ L^Lxil ^A JaauJail j a jl jaJl 

g 

m/s 2 9.8067 

^Jam juaa ^A AxplaJl ^ jLuU 

r 0 j\r 

J/K/mol 8.31434 

jlill Cjjli 

(X 

10~ 3 x 7.2974 

a a >\1 Ajiill t,“ u\j 

V* 

m.k 0.0029 

jjlj dulj 

c 2 

m.K 0.0143883 

Lf jAM du\j 

Mo 

H/m 10~ 6 x 1.257 

c-Lkiaftll AplAj 

d 

W/m 2 /K 4 10~ 8 x 5.66961 

<jLa j|j] jj — (jl flJQ > >i klij\j 

G 

N.m 2 /kg 2 10'" x 6.6732 

AaplaJ dulj 

£ 0 

F/m 10' 12 x 8.85 

4 j-vl Aral 

k 

J/K 10' 23 x 1.380622 

(jLa ju! tLulj 

C \ 

J.m 10~ 24 x 4.99258 

^jVi £U4,y' CJS 

u 

kg 10‘ 27 x 1.66053 

(amu) Ajj^' aIj^II 

Mb 

J/T 10' 24 x 9.2741 

^jjjajoLa 





ijULaJl (.bjJJl 0 U 1 


>jS 


ijkW Jk^iSi 

a 0 

m 10 _u x 5.2918 

jjj jiaS L iu^aj 

Mn 

J/T 10" 27 x 5.0510 

(j^ujc-U 

. W 0 

kg 10' 27 x 6.64 

1a11 aJj^ 

«n 

kg 10' 27 x 1.67492 

djS— ill AliS 

m p 

kg 10~ 27 x 1.67261 

a ^ oy jj$ ^ 

K P 

m 10‘ 15 x 1.3214 

uyjj^ uy**£ J 

m c 

kg 10' 31 x 9.10956 


r c 

m 10~ 15 x 2.81794 

jjjisiyi ji»s <■ 

e 

C 10 _,# x 1.60219 

<jjSn <ja-ia 

e/m t 

C/kg 10" x 1.7588 

Aj1jS“ J] - A WJu Aouo 

K 

m 10~ 12 x 2.4263 

Jjla 

h 

J.s 10“ 34 x 6.6262 

^ CJi 

h/e 

J.s/C 10‘ 15 x 4.1357 

Aaad—^ jojl A^joj 


m- 1 10 7 x 1.0974 

^ jjjJjj duU 

y 

0.577216 

jijf ClAj 


4 jIjiS*" cJi^P iij l-i^ ^Jl 0.A-ll ^j. 2.1* . 

JJLi ^ 5 "l .c£_/il cr 4 aIiS** ^JbJl <■ <-**£-* jj -—2 

^v* Aj j[aa 6j\iv? 1 ^ 53 J .Oilll JA ljj£ Wai jl jl _^)l j_* 

.L«J^ j £\|l ^ 


ji\ 4 Jj£ 

lil kg 10 24 X 5.974 ^jS/i OjJ . <J ~*jJb Aj jUL* aKaJ d—j tA*j**d> UaJ Jpji 1 

. Ljj yi> (_£ JL* (1)6 . Ay*L& flfjl AjujIj 3wlxil j& \j 

LjjJ 01 { j!^yj^S a2^j AJ^LJLa al5"L^ Ll£0 ^0 6 y& \ — * 

* * 

mi 152 Jl y- i-~*£l\ IJL* abut 01 <^f . y\ a j\S 245 jl 10 5 x 2.45 a*/>- Jjt L*£* lijJU—^ 
ju^m 1 L$i^>- Jjl? oLa^I zjJjZ- ys> \*jy 0^1 J->dj mi 152j c 0 >^ mi 152j J j—b 

Oil - a^* *bt dL* tJLb Ajt 0^1 ^ yj>\ ,jLJi\ JA L^4 jt ^ yi 1 ^ dJ —Si .(cm 1) 

CxOj -\i 0t^JUj 1>~LP .p_>da-ll (jjJUyall <3 ojotvai! d>L*^ii — 0V1 L^-IU.-^ 

^lil ^iaJl {J* IdS ”*£ *ij£ L* jiJUL* jAj .<jj.A;.,^l 1 ^j&a jj. L « m,! x ^ 6 ^^aJ 



C^ljdlj J^t 


(EM) yjuJaJ aaJI jLuuIjI Ap j ** 

.m/s 10 x 2.99792 l£\ jLi^l ap^. ■* * ol 

4*1yJ4 4 j*J^I j 4ypl^Jl ^lyl ja JT /jlj ,(mi/s) ajLSL J-—* 186,282 il£ li— 

^jyL^-jt ^ JL.»> t jJl ^ 4 AP y—Jl d-L^ L*lp 4 xL»1 ^ tx A*-^»l J 4 1 (jji Aj^Sl^J £yia—llj 

.A-jl^ll a]oJL> ^VjSvj LI 4JjL UiL 

Lgj ^Jl aJll <yL*y aJLLI oJLa p_gi <j^JL>-I ^j^a>JLj ? la.yalb ap^*J l a-L a ^_a I_ * 

I y* 122 jLXaJT. 4iL*Ji a-L a jJUJ L Ulp . ajS^ y <J,I yJl cyLL 4jIJj ^y JLL*)U $. y^aJl ^y 

j! cy£ iAiL-ll ciiij JLL*)U ^ysiaJl ^Luijl AiyI—o ^ jjl t ^yjll <yL*J“ Ljj flT (ft) 9 400 jl 

:m/s 10 8 x 2.99792 Jlp lyu 122 <*!*' 

/= 122/(2.99792 x 10 8 ) 

= 4.07 x 10' 7 

. l-u* jyw? ^yj Jl£ yAj 4(ps 0.4) aJIj j^$\jL« jLLpI — y Jd-iL ' ->~L*Jl dJUi 01 

^\ijl Aj^j ^1 LlLLI Ljy .4^ til ^Uj^l l-U- 4 £Lij .A^a^iJJl a-XA J$ yyl 01 4— 

V .(jy* 4 <yl yr ^Lp J yO>*iJ \^OJU y 4-Si I jl* ol-X>- yJl j yXj jl 4j,L)l .La LI y (j 4^\_A 

,a!^*I*-« LjL 3yj Ld-Li tyLo- aLo-P (^1 <yl-X>-^Jl Jal^ 

^^Lp ilJLpt <^1 ^JL>cl^l j Jl olJb-yjl 4 JV-U yL-J-l $.1ylJ AijLJl aJL-AI JjL Lip jl T LI 

rjlp LU uiyby 

(yiL aJL)/ yu = aJ\j 

s = m/(m/s) = m x s/m 

aJu-* 31 oi-4 fUJl JjL^ LI ^y? yil j .Jaii aJLII t LL^i-l aJu-*JI aJla J 5 yil Lj^:>-l 

u* 

olJL>-yj L* A^-*i l5 Lp LI Ju*a>s_L^ ^a^yj 4 _-»ill AjIJLj yu SiL-il yP ^JLaJI j»IJL>«j^L AjL-jI-I 

t^fb) yb^jiJl LAyP-L jfrP 

(iJltlL y*)/^JLi = jLyi 

fb - ft/(m/s) = ft x s/m 

^J,l AiilSC^ jL yiJl t aJuJj>r aJj»-j Lp y>-l JLaJ A^i-iiL .yi.1 ^JLaJl j\.,<?:»• I ^ < C r N/ 

4^1 yLI ^_^Lp) .Lajl j\P <_£3JjJl Llyrj 4 (> y*'L'l aJLi> j\P aJL>- yJl a -La . yiL aJIj—^JL— ill 

."fouled up beyond all recognition" oLKJl Jjljl ^y -4 ^y AiJy. aJ^ ^a fubar 

yS' o^l-L>-yll OL lL*^ L*jlp !AAilyL* O'lu^-yll j01 aJI oLLJ-I f.1 y^l -Up LjL j _Ju 

l-L"L* LaJjp j.oLLci~l f.|y-L f.uJl 4 Jl-p SI ol-U*-j AjLil oLja*il Jy*“ 4Adily 4 

. L? - *"' 4 Li ^j*L O^I-X>-^ I ^jl a^-L^ j^P o^l-X>-^ aaljuII SI oiu^-y cyly»r ^1 p Liiya> ^y* 



hJj&l\ :Jj^l oUl 


^Ixui 3 jl UIA 4oJ £ jtyjj 

d...*« . 1 1 .a-j 51_^-1 ^1 djLii^U 1 -Up L* Ip y Li.^ p^£—O^nj 01 

j*J«j y Jly—Jl UL* Jp <w^l j^r\ 01 Vs-LoSll -LiJ 1ji 2j£ 

J*\ c_-5"y** yp **^5" 151 .y^jS/l j* j* (J-A^Sll oiyL tLy^/l -UiJ oiUrl 01 yi ^jA 
* * 
yp Lla OJjJj 015" 151 c^li* .ojiJl rj* a^~j 0 jlJJaib Lg-Jl .ii-UiJ y ^ylij iLOajI iili* A-u5L>r a^- ^ 

tW y j[S 68 0i^5" oJlS" 15j) . jtjjil y^ 1-bjL 56 J,y>- 0y~- Oil* tl«bjb 150 y^jSl 1 

l* |%«**<*>* ^^L«j 3-bd Ia$^ A*ol3rl ^a^- fi*-L*i 0^-jLj-aJI ^jo^aj . ^jJp j ^tj ^j.1 ^1 p 1 ^ **+&) o J ObS" 

** ^yp l*i^ £^jL*jJ 1 (J*Xx^ (j jL«j . a*^LL« ^jA-1 <-3^l*JJ 05i^-l 05 AbyL> -Up a. . j 

tJ-aJj cL* L*--ior LkjL*l 151 Ajl ULaj .m/s 2 9.8067 j! Lj^aj ^aJLJL j—ia 9.8067 y^jS/1 
(2 x 9.8067) ^JLor ap j cs 1 JUw m/s 9.8067 ap^j aJ^ t JIp ^LLyl ja <,a^a y j-y 

£* j£\ m/s 9.8067 ap^J l .li£*j cs 3 m/s (3 x 9.8067) ap^-o j ts 2 J—~ m/s 

151 tj>5"l <3 y~L.il yp apJ l July Jjla* 0*yi yi y^ 15 j& JL*\yiM J-Uc* oy^j .y ajL y" 
^-^«-i5" aJIp AiliS" ^5 ^Ja-oh yip AP^Jl UjI jj 0 ^^a->» .-U*X»uJJ ^Jj 13 y*iv*JJ 015" 

.^y^jS/l Lf <—3l*v?l dAxj jS'\ iO^y^ 

j^jaJ oi ,A-j5Url aL-~. 1 fi-Ui. c5y= c^3Jl ^,-ji-l a1i5" ^1p A-)5Lirl ^jL-J J-Ut* —*j V 

^^aIL OL^^l yaju (j £^>w5 0JJ5 01 .i^a>-S /1 ^L^>rS/l y 4 j5"l AP^~-j La.~) ^Jaj^I ^Lc«j>tS /1 Ot_; 

oiJyJl fi £ JpjJLa t i 0 ^J ,L ^®£ Ufli-1 ^ aJjL^ ®y" J-aJj LjaA-^l 151 0JJ5j ^ UjJI 

dy" aJLpU ys"l JSCLj ftl >1 ojli» yp ^UtIL U aJUJI I 43 LS" of y& ^—* 

jJLJIp yLyiJlj OJJLflJl Ip 0] .L^..^,a) ap^a*JL OUaju-*^ tf-^Aii-l 0 ^^Jl LlaJL-l 151 .iljUaJl 

^jA cy^l Or 4 y ,Jt -^ ? l L®Jb-l co^y -i^ii^L 0jy 5 -Ip JLu aj^ajLI o-La yp jS yjlp 

oi .a— .a) lujJi cli *^3 j tA— j 0 c~jjJi o5 o^y fc - w *^ r ^ y *^aJ ,uJUaj| os yi^ ly ^ 

!jj .(.JijpSll ^L~or\ll rjA j5"l ap^o jai^J y^Sll j>tS /1 01 Ij-Laxp! JLll f .\yJl ^ OJ—55 

.y^Lp iA-jjjJl aaJjA- 1 (J Laj ^~-y^l 015" (^JJlj tf-Lyi!! 3 ^^-aJI 0_yL5J1 01 yJgj Ajls"j yLJlp 

^ii^i A^io r oSii oJJo a-aL yo y oi .(aaI? y>i) y?yji -k^Ji lj-* cju^!- i 

•f^‘ r'^V^ 

LjlAajil Cj^LjaJ 

l*Jl yP ^la>*^Vl yi ^ yij Apydl C-)lJjvjjl pjaj 3 (Ji fUaJ Or 4 

JiL^l c^L^lll 1 -La ajLS" ^yj 3 0 ^"^ ^a^II Lg —^aj ^ily OjJLJ .i_y^Jl _O’y 

” Software" jVl yi .Test and Measurement World (www.tmworld.com) 3 Jyr 

. a~4>.U-I ^*1 ji yI A?xi.^I] J-aLI ^ 



CjI jillj ryOLjl J-aoJi 


oa!~^>-j Jl a^^L^S/ 1 SI d^->-y 1 -^jp y**jl <*£y? ^yll oa1*^J1 Jj j£- (3-6) J^<-^1-1 ^r y?y 
ijLp X 3j Jj-Xl lift j L< 5 ji .J £y$ Jl ^JjJL ajJJ? ^yfz ^£1)1 yft J*«Uil •<*£j ^ <*j! ^ 

.dJj>-j (_^bj A-^XJJ 

* * i * * 

b* b*y < P J Jj C^tj* £ AjsJLi>i_ 1J ol-X>- Jl 3 Jp AJ yt^ ^Jbji.1 y» .yjc» (_^u *>L»15" t j^J aJ 

Lits”"j cl Ju>-jl jJLJ ! y« JLS" (3 yrJl (yjy>li y b— a- 4 ) J *+• yJl P AJ j *C. 

# 

Oa 1.A>-JI dlft 1 <» g fl'xJJ* yilUl jplll^ Jiuyilb lylp <1 yj^^lll jlS"J t Jl^Jul <^A j ^*{1 

.U^J 


ijuSfl 

dy&UaJl J A^Xil yP jJUl y» Ub XI 4 y-T ^Ux> J} Ca1-L>-j ^UflJ y* Jj y>l' JJ-P 

jl j£ . Ajlb y« Jl *>1»JJ15" Jj J Jl £J Jl jl II Jj J^- jJlXj*. ^ 4^i— * . Ig.*. fl» 

** 

J} Aj>-Hll Jj j£ 4JLJiJ*-\ 3 ^ jH y* iXX j JnJ j J AJP y-iilJl Jjb^ b* jl_fti 3 ^_ aJ 

. aJLaJjJ 

C<bjbJb y^« J>L*j Aj^t^jjb^ . dJ 4mh^J! •JajJ d-A^-Jl A»o-*^J (^lll ^ysbbl ^pJj 

4 ^ c 

,y»Jl JI*j oIpLJIj y ISjJ J J yjl Ji*Jj ^ apJ btJ caIjUp jp(J->» y^*) ^jij t apL-JU 

^Jl Oj! yll y 2 JtJ ^y»rJ y* ^*jPJ l Jp cCjI yll Jp y*S/' yilljj .^VjoSfW Ukjb Ca1Jj>-J1 _LlJ j j 

.(Xj?r J^v-^-| Olijj^* 7T) yJ 

(4~6) 4JLum 

dL)i> jL; U jL . Ul^r-pJX 63 Oj_T dL_5l Jl J_if j jl ^^-Jp c_ 

?jjjl 

(4-6) 

j JJ-Jl-AiXjl Jj j£ (3-6) JjXrl y^P. JUiljJ ija J^\ <_S £ Jp Xit y? J3>\ 

^Jp J-^?xJ 2.205 63 ^^*Jl ^ jaj ’(^jj' c.^^. J aJXJI tX"jj) .y** oli Xj ^ 

1-lJjlj 140 Ji yjiAlJb Ifrj j** jV® 3 ^ *■■ aJlXJI jl U. ,lJ ijb 139 

s' (S 

. li^s^ Lyjp j 

(5~6) AJLua 

<s 

^-uil 11* tijlo (X* .(km/h) Apblb 1 y *JX 90 ^p^lj cbjjJ 3 X Xii y?X 

# 

?(mi/h) <pLJb JJb 1 jAi- 



ibJLJUihh j-iJ) : JjSll oUl 


4> ^-^J iji (SI) fUaUI ijh ^JlM\ <> ££>Ljaufl :(3~6) J>XaJl 

.(UUj -I^ij J^UlaA dJj i£EL*\jla <f\ u^aau V Lujp) 


JJlJLl ui JU ai QnSijLA J&uU J 

J-iaJL ui juSl\ 

cP! 


10' 10 

10 10 


(m) >. 

10' 9 

10 9 

(nm) jla jAj 

(m) ji- 

10" 6 

10 6 

(m-) ojJ^ 

(m) J i* 

10~ 3 

10 3 

(mm) 

(m) >> 

10" 2 

10 2 

(cm) joauIiuj 

(m) Ju> 

0.02540 

39.37 

(in) 

(m) Ji* 

0.3048 

3.281 

(ft) ^ 

(m) ji. 

0.9144 

1.094 

(yd) 

(m) ji- 

10 3 

10 -3 

(km) Ji* 

(m) J i- 

10 3 x 1.609 

10 4 x 6.214 

(mi) 

(m) >> 

10 3 x 1.853 

10' 4 x 5.397 

Jo* 

(m) JU 

10 8 x 2.998 

10~ 9 x 3.336 

Ayyl-x 

(m) Ji- 

10 n x 1.496 

10 -12 x 6.685 

(AU) aj£1s j 

(m) Ji- 

10 15 x 9.461 

10“ 16 x 1.057 


(m) Ji- 

10 16 x 3.085 

10' 17 x 3.241 


(m) j3- 

10" 27 x 1.661 

10 26 x 6.022 

(amu) 

(kg) <*'> 

10' 12 

10 12 

(ng) fijc- ji -i 

(kg) jl£ 

10~ 9 

10 9 

(ng) <*'> 

(kg) <*'> 

10' 6 

10 6 

(mg) <»l> ^ 

(kg) <*'> 

10 -3 

10 3 

(g) <**> 

(kg) <*'> j1j£ 

0.02834 

35.28 

(oz) A^-ai j 

(kg) <»'> 

0.4535 

2.205 

(lb) ^jL, 

(kg) <*'> _A£ 

907.0 

10' 3 x 1.103 


(kg) <»'> 

60.00 

0.01667 

(min) aa^ 

( S ) AjjIj 

10 3 x 3.600 

10~ 4 x 2.778 

(h) A£.LuJ 

(s) ^ 

10 4 x 8.640 

10‘ 5 x 1.157 

( d y) <*-h 

(s) 

10 7 x 3.156 

10‘ 8 x 3.169 

(yr) Alui 

( s ) 

10 9 x 3.156 

10' 10 x 3.169 

UJ 5 

(s) ^ 




J nJ* 


JAflj ui jJal ^uSUa Jiwuj 

JJadL uijJal 

(A 

JiJ* 3 

10 10 x 3.156 

10" u x 3.169 

<*& 

(s) 

273 ^iOaf 

273 c >1 


(K) (jilS 4*. j3 

<0.556 

255 ^ai 

11.80 A1»Jj i-J_)Oal 
459 c >1 ^ • 

(°F) 

(K) ^ 

0.556 

1.80 

(°R) ui^'j 

(K) j*K 

10' 19 x 1.60 

10 18 x 6.24 

aJSL J-oLa. 

(A)o-i 

10"'° x 3.336 

10 9 x 2.998 

(Stat A) J4iJ CjIIjj 

(A) jm* 

10' 9 

10 9 

(nA) jjxal jjl* 

(A) JAM* 

10 -6 

10 6 

(l*A) 

(A) JM* 

10.000 

0.10000 

(abA) 

(A) 

10' 3 

10 3 

(mA) 

(A) 0 ^ 

10' 4 x 6.831 

10 3 x 1.464 

Cj J ^ -jf' ■ ,L ^ ’ Jal j j^jSjLo 
( liW/sr) 

(cd) 

0.6831 

1.464 

^jlji jjlLuJL Jalj ^li-a 

(mW/sr) 

(cd) ^ 

2^. jJ V fc^LLij 

2zk.jJ V 

(lum/sr) jlpl jjIJIj 

(cd) 3ljjaS 

683.1 

10' 3 x 1.464 

(W/sr) J-djjUL 21 j 

(cd) !22l£ 

10' 5 x 1.04 

10 4 x 9.65 

(C) jjljS 

(mol) Jj- 


(5-6) J* 

."ipLJlj" tjir\ Jjcj v ij —jLT J.J J*—il Jj J — i- J»j —«" oV 3 JU-I »j a J £-b_^ 

im 1,000 = km 1 of ^jf jSM; .jL*f J,' ol—; (,—» isy. dl 

,> r J^-il Jll) J*. Ji >• or* ^ i -m 10 4 x 9.0 = m 90,000 = km 90 
10 4 x 6.216 i-ul0 10 4 x 9.0 v^ ^ -10" 4 x 6.214 v j4a-JH (i-^Ul 

0Sf toy*'-® oy^j J.! jl 56 ^il jjjoJb jo*Jl lij> jju .55.926 J ya. _?«1! 

.£j ciJULp JUlbj 90 4jJUll 02>jJtii ip^^jl 

(6~6) aSLaa 

djjJL* (5-6) 4 JLJ.I j 4j jJ~l AS'j ^Jl 2u^J ^ L* 

(6-6) J* 

k_-j£ • ^2*jJ-^Jlo ip0-4aPi Juil .(jy^Jai^ d j fc> Jj>x‘ 



AjJLJUbll $.b: JjSl' oLh 


0] J^Loj l yJj)aj^-\ j^ji-4 ^ Lilli ^ . OIjj (J,l oIpLJI y£- Liajl 

jl ^1 J^-Lo y£j ^Liil <-*£. tfb* jS' aj ^^ t^-Ul 

j'VI LjjJ CA]a>»Jj liiJ aJL«jl!1 oSj£> c-J ^Jl ^ip ^2_*J JLaII _^) *<J^dl 

.((3-6) Jj-U-i 

y>j t3,600 r: .~idl dlii ^Has; .ajUI Ji aA~JL Njt J^_jJ Lo_p^ 

JONI Upi .90 km/h = 90/3600 km/s = 0.025 km/s .apLJI <_$ jljill ^jlp 

cajL^JI j .Aik- Ajwb- ap m/s 25 1,000 ^-uib ^^JL *^ JI j — l* 

Uj& i^j jA j <-~£ .82.025 J 3.281 25 J j —>- 

AiL*il AjJj^-I AP j^. Ji ^jp ^ J >r Aj^ dil-ij cft/S 82 ^AxJl ^ip JUbJ j— iJ^db 

•UV^ UV *-®ji 



J|^L o ) a Jl^ 1 A*jL£ ^Ip 0 -O>r 4jn.fcl‘Jl <j. Oj^j«/all J-lP ^j^auaJl Idjfc <J5 J_P 

ijli J Aj^>-S/I 01 b*Jp 

^ 6 J ^ J^Li . 1 

obj^^^l ^jlp (a) 

.aop ^ oUj^A-I ^jlp (b) 

. ^^1)1 AiL^dl (c) 

.51 jJl J y*- jjJJ Oj^lSsJ^ cOjliall (d) 

J>M .2 

.ajjb - j*ji (a) 
.AjLtiL jj* (b) 

•A r'A^ ( c ) 

.aJL - olj (d) 

jLill Ijjfc ^jS' ^>-Ul ^^Js>LJill .H 1 <waj^ cJd-« J A 3 jLj .3 

.wb 3 (a) 

•H 3 (b) 

•T 3 (c) 

.ol^jLdl oJub ^ ©JjJl^ ^J-pooo (d) 







«1» ij jL_j >( y jil JjJaJi »jji <3 mW/sr 4.392 jJj_j .4 

Lj jJaJ 

.cd 10" 6 x 6.4 (a) 

.cd 3.0 (b) 

.cd 6.4 (c) 

.cd 10~ 6 x 3.0 (d) 
KOijl>lfcrjjJVJ .5 
(3 dajtj (a) 

^.. * (3 £^.1 OLJ^- daAj (b) 

,l$JUl£i <_jUp (c) 

• d N ^ (d) 

jijJl .6 

■T* - f'A^ (a) 

. ixjliilj jl* — ^ ^b) 

*C?■/* - fl jC'jLZ' (c) 

. AJlilb ^1* — J& jiS' (d) 

cJ J P bl .iai» JL>jb J,1 ^1 ^PjJLSsJl Jj j£ dJLSo: .7 

•®jLr^ ^-j* 5 (a) 

. Ji>Ji (3 j*-***-^ 4-liS^ 

.oili-i Jji>- o-Jui (C) 
.o^lLl (d) 

£-*■* 'y* 1 }^** J-* SI ^Uii .8 
^UajJLJ (a) 

.f >1 ^ (b) 

fdidJ (C) 

^ (d) 

OwL>-j j-ft jlolyJl -9 

,jj.\ frJ ^ai! S-UJ (a) 

.5jljJ-1 j-d (b) 





■ 4.l.,a!l ^Li! (c) 

.Ajjt.oll aj j^^-UJ (d) 

_jA JlijUl -10 

(a) 

.Salil (b) 

.Salil (c) 

.sbW ijj V (d) 






L«-Lp <-L»JL4 liL« lolll 14 <—34 jL J&^\ jLid jOlS*' 

A*^ljj JLf jJaJ IjJjt>- t<—-> jL*«jJL fLiil ^.IaLJI IJj .<jjjJi] ^y>ycS L»jj—p jl qz \—It ii 

iSLjlS^Jll |Jl* ^Iaj .clj'y(3 ijf ^y 3 ‘—^ ^^***^ ( 4 

,4S"*caAiSsJ^ i ^Ml azfl 



4 ^j^-\ 4 s»j[JLa ^ lijji aJ^/ju o^lil 4^*S" .J,! 4 jUfT 4 4 L&I Ua./?/• ,m> 

.JuJi>wdJ 2JLL5 4 _*?l>- 4 JL 5 " j£J . 2 JL^JJ JLp*. <J »^1 ^ jj& L; /ii// .t^lp ajS^aj As* 

.^j>jS(i 415^ ^ |JL>- jy£j ycv£»i 4 I 1 S" jJLl ZJjS' J yLv^l 4-ilS" $4%M 3USjT 

2 ij4^jil «. J^aj' u3j-vaJJ . aIxS"" Cl^lj J^njlj <julj jJl c^ibj —^ 

.aJLp la ^1 p ]gjL^gj .4llS^ li C^Lbj^S^ 4<«l>>'^l3“l ^]oju ^ 

,L)t-f>-Sf^ ( jA*j (3 ^"^3 * y* y cLa* 4 ^ JftjudJi 

^ J 4 U 4 JBSI 

caJj^JI ^iir ^jS^c, .dt^l lA (<-)_^ aL z(Sj^\ jl |t «« —~M 4 !“., 

. w ^lll jJu^}\ s_3 oLp 4-L$3l ^1 jLiu . ol*l 'il&* jt ^,wJt 

jl 4-iyJl jj^jl P oL4\j jJ.^.«^or laJwaj cL« ^-AAj LO^P 4Jl^siJ jf ^ > 

^^SsJj L^jjI JjL*S/I ol^L <U^?r law.ja r ^ aJLS^ L« jl ii! j ' 1 -v*j)t 

l. J lL^-1 JjiaLI (J j p ta • . /-a.. u ® jLl**JI 0JU^ 1 " PO^Lv^ t. " - 

yt-ij ^J| OjiJl jl .iL5^ C—J j 4 d ji oi-fc j* J* oL^\j ct 

1 ^X 21 ^" .ol^l Lk l ^1 ^at Ail^sJi .L.»Jl 1 I jl 4—(_^4^>r 4-^f- 






^ L J^') OjjJl fi-bul <JU- J C~?wdj ^jiid s-UaiJi Jj Id tg-~i3 Jp jSf' ^—Lp 

. ^ jLw«JIj 4^j 1 > /3A 11 4_*T^ll l0*J jl Id dl^-l I d^j3 4^Sf l)j ^>J 3^ ^1 >A..d,Aj 

^LiiuS 

L*OiP .^jdaj'b/l 4 ^j^ jaJi ii~«-d Ig-Tij .ol^llj 4jj^j ^A cL* j*_**»^ 4 jLT JjfcX^vll Jau+s>SfI 4JL^jdl 0| 

|» Ja L »i Ci*j J^lJf 1 ^Jji>- ^Od» ^gA*> .^-y^jS/l A^jildrl ^JJ3- 3 ^'jj C—jli t(jl^*li ^lp * 

4llT jjj j-*i> cajywaJl ol^ilil *_JI; C*.»Pj Id .<w~TjTjl 3 OtT^ <^1 3 l {■«■*«■&> <JL»jJl ( djUfc^l 

# ( # «f ( ^ ** C 5« 

,JjL>l ^JlT U-*-* L*—Or jl 4d\T aSJj J^i.3 jlj^A j^)a r *> .(Jl^*dd £3jil j+*Z> Id o]a \j .wj 

.N lilTil /^Tjj j+*+l j . JUdJl .)fl tf il 3 l**OJLP 4i* $.1 ^Lw^l Ji>- <3 <jj^> L*JLlp 

<.JpjH\ J y>- jld» 3 jjOJ did ji J>\ ji yLj dldj c^^5"1^3l <ju aJL>-jJ dJj^ Jp j&\ 

LaI *fJl?^jdJi dJ-& J ^ii 4_ali5 4 I 1 S""" ^Li ’dj^l |<cAp 4^jLsaa] 1 dliT3 v*JO 

s-^d ^jT £-~uj c ^ V-^ ^Jl jll f*^l £~~°~ dlidTj cjXwo- ^ («j-diil) 

cJ^3 tc-^jUl V*- Ji-Jj ^ ^>w?l jJ( 4iiL> jl Jlp cJl j^> \—« ^.Li :—^\j 

oTld v-u jjltU. 

J*>1>- ^ ^yaji jJl ^ £ j j c^jili-' ^P caJLTJI ^Li <J <^0—?-l <_dial—I 

-bd j 4X*>WJ L» lid. C^AV?J lij .((1—7) ^jSdtJl) Jx^jjl J p—Jrl ^ l^ dJ 

Q»Jj^r lil L*1 ,AP^*«j ^j,ijl jJl *■ “-l j-*~ Id .p-wdfi «< |>l \-&«X*P d^/i 

(aJdai*) <vai>» l5 1p iJlA "aJL^JI ^Lx*" O-dJ ^j£ jJl jli ^il <iii? ^^1 o^ 

3 dJlli OjJb^jj ^j-x Jj ®c/’aV* (^aiil) LftjjOj Aid* j jTj ^ilj t^JLsiadl kS '^il o 3 

* * 

.p—Jrl jlj^i s-Oj -bu Jxm-3 IjIa^J Aior- ^ aJUITj jl^dri OijAl cd Jsla^ .(<jj^l ^l-bui Aij 


^1 



.^jjjll ^l^*jl Ajjj jp^J <l*^j qa (ja a ^x>.4X ^daj JDIa- 3® ^(l - ^7) 




cOjdlj cUs£3f :^LJi 


.^LwwJ>r\!j JxSCLJ oli ^ISji J^-^i jj- 4 LM LftJL* ^jjjljil ^j-* ^jJl i-A-i 0^)1*^ 

^Ijjul 4 JLj (3 (.£0»l>- .aJL^JU ^jL. 5 ”" jl^ZA^l 22 ^1 ^>«J> Ojjlxli ^P 

t < - a La.«x . ^J^Axi.1 4^1*S^ <dxT ^jvL ul iy I Lauup ^ ^ ^ j ^3 


|Lp> 


®y py 1 j 1 y^ 1 j 1 ^ r 

|JL>^*-I cJjl>* lil 1.0-ji il^Lill .SJLSsJl a Jus. { Js- Jjj ^Jl cA^iU-l <j\ c2L 

f-LyaiJl (J Liljji jl ^.Lyaiil (J ^jL*J Lfc^w y* 4-lL>- (3 4-5**y L*Jup 


yW^' f 


(1-7) iiyiA# 

#» * fi 

Ls^jI ^y> j&\ .aLSvU yUL* j (1—7) j jy^pxli l^or uujwpj diil —oil 

.(2-7) f ^>x^S' jJu»j j jt$Jrl t*iA — a1i 5" ayUil —* J! 

IJLA 4~j ydl aI^JI l. .(Hz 5 jt jJjja 5 <^f) vLJL ^- 4 ^ 5 p—Jri 

(1“7) JaJ 

* * *1** * * 
{£ 2 yUJl j^>mJJ Lijly (tayip £^*jI y) Liyip ^y^*^ 4 j/l jy~^ L5^ U ?rjl 

# S 0 

^Uiiil oJlA Liil Ua>- |^-jl .^>till £-* ( ,y.:.„~.L JoiJ-l Li ^aLLLj ^il ~ a \ 2 a \\\ iA>- .(aJu—S sJl) 
L**^ ckg 0.8 yJ lil . jyM l 5^ ^lixj! \Ji\ .aIi^JI jj£- ^^J^LaJU jL^ji aL^L 

.(3-7) J^Jl <3 y 

r l > jS^lu <mi 



AjjUUj CjIJjjaVI 

.(1 — 7) (J^juiil J^jaljpsl ^*»LiLaI’ aJV^j <tSil ^w ^ :(2~7) ^SLwJi 



4jJLJLo=3i tbjJJl : Jj*it oUt 


(2-7) AJLu 

«W-b - ik&l £U til.j c(l-7) jCiJt J ^O^it "ak£jl ^Li." J*ii o' liU 
Jai» kg 0.000001 aJj&I oJlT til t (3-7) JCsJIj (2-7) j£iJl J r _,—->1 ^^—dl - 

?(mgl ^ (ji* - ^ t^l) t ^Oaj l^li y*p yA 

(2-7) J* 

1-La (Jj ^hI^aLI ^ jl>- 4-^*jsJi Oi-La . jAy? <db£UJ ^j3l^jSs-Jiu ^hI^aII „> , 

(^1 CAaJSjM j§ Ijj-S”" jl^IA^I .Ojl 4jl^J Jj .(Jlill 

Ja jlJjjl j^l <iDi> OJj4 .Ov^ijUI aIiT £->y ^ ^ <£■>■ **T*. 


Ju. 


,*JbT U r j^ilj 

(3-7) <JL- 

)|jb tj j y^j*^ 22J — it'VAj — aIjS* ^0 ^2 ^2 *^ ^ ' flt^^"l (3 *0** -)l 

:o oCLj jL>-^i aa J&\\ oJL& li^c. ?Lj& a>w? ^il oL^>*j115"" oLxj* ^_* 

• C£ ji juk *)' tJPjt’ J^- 3 ^ tj^ 



.(1-7) aJUJI J* :(3-7) <Ji^ 



sry-lj iSjillj tiL&l :^Ujl J-aoJi 


(3-7) Jt 

<3 . A^aJL 4 1 a Lai-1 (3 Ja^QaJL Aj fyi b iJLfcj < 4^ ^ 0aJL$5" aaj j L 01 < ^—« i 

A**Jj ^P 4«JjLi aJ O^^j ofj L4^4 j ^^LJL*JLJ C)j^J <1)1 £4^^ 4 4 fl ■> fl^-1 

* * 


Sjifl 

.OjjJl f~ux* &J^b ‘y* J>*■ <3 jj-l fr ^ aL * j iSj*\ ®y J^ 1 

^Lc .^t>-^)1 VjWl 01 cJi .^L>-^)lj ^_jlaJl :0JLL1 0 L>v-~j —*• J*—£j 

* 

. Lk_gj»iJj d. + * 151 ly*J~\ y~^ ^ y^i ^)lj <y _jlaJl y ^ <_}*■*- 

ys jlil . jlJbM y- JLj^jj d y%J^\ <3 LaJLlp <y ^jaJl .Q J jiwjL c- > ^jaJl O yt> 0J->1 y^j- - **' 

1 ^ ^ 

<3 ^***3 Lb oJLp ^jaJl l3 y^*t** .(^bif jl IjyS" j>S"I o^A j i^Lh.^Lj jjail 0 ->j-Sj t^Jbl 

o jiil OJULl./^j t5ja>JJ a^5 ^L>- )\ jl ^laU OJjc^I a yL‘ .^lall jlJbbL ^Jija^a j j fij ?*J0 

^)l J <UP VjW <3 J& 


^buis Sjifl 


^jl^uAjI a^JLl jl ^jlaJI 45"j ^1 d^jL t aJL(_£ l a jil} O^^j 01 ^^-C. . a-pLO** a**«*5" a^Ail 

jbJl <3*^1 0JL>U. a\j4l LJb ojiiJ .4 j ^>-jjUaJ1 iJ^1 £4iJJl oy>S jl iL<3 

* t t * 

d^l p 4jcj»*>\J j^jj <J -,<a;> “ J^oOj^ aj laPjJ <_£JU! dl^'yb a*5jlJ! 4 

.F j± *^jl ^y~i ^-3d^ill ^1 jv*iu 01 * Ajaj ^p 

Alt*Sfl i y ju . (j 6^A^1 ^\jt-^ 4 j^ jP 01 ( J_^-^. .^1^ 0L>-S/1 i y ju . (3 d J^l dl^-1 Oj^l 

^^lj ^-'dj4l aJL ^iaJ A^LaJI aJjUJI aJl^-jJ! .F j>^^ 1 ji 1 *** ■ ■ j J 

kg 1 ^ o'Uaiil SsSjA J ujUl 45" 01 ^yiJ .(kg.m/s 2 ) ^y olilb y-^j — 

Jjpl o jA I*4l aJU~I y ^>^laJl AjJa3 J a:i:*. *> . L_yJ —j —JJ s 1 dj.—L N 1 4 J AJ 

L4^-jaj b| l)ajl j-X-j ^Xj Lili 0JJ5 tixi/s 1 0 _^j aJI>- ^1 ^jLip^/Ij aJa^I J?j^iJl 

.L* Jl>-1 


S jilt -b-iau 4aii£ 

jl <—ilj^-Nl a^S" Or 4 • ^ ■-^■ ^ 'l aIiS" ^jA ojaJI ^-Li ^—5or 

aLxJI JjJ j>*ij LajL- l- 3jll aJu53i ^/LJL* J^jJ^j .^OljLJIS" 0 y j»—«*■ J 5 aj-1>o ^JlJI 0 j0u__iil 

a^jL*^ .((4-7) J^JuJl) ^Lajt. aJI-Li^I j A^jLvaj Jj>-1 f.LiJlj viJJ5j ly ^*La> m »j^'> ^~ - : ^ 

># 

.jj^xll ajlj J 5 LaJL»i ^LaII Ijla 



w&jt tbj-ilt :JjSl' uUl 



■ >JL Sjilt : (4—7) JS-ifl 


Ji .kiiJi bl Ja>- J y& JLP 4>-l j^fl .JJL+Jib Uiajt Wjy/ _ *j 

-la* 1 km 100 c Rochester, Minnesota ^ -uj Minneapolis, Minnesota 01 J j—Ju 
0^ km 120 (ttull) k-lj^l OU cU.S. Route 52 JjJ 9 J J* Jp b! 

.Minneapolis Jl Rochester ^ U-ii^ IjU^ V j*JOl 

£buis 4*1 

L^JLP j^ycJi /jj. ^Jl aJL J? 1J» (j*^f <Upljt-i ^-*A1^4 Jaj>- La Jj wliP A>-lj^l 0 j ^sj 

Jl jLjUj .(aa1i£- (jja oJuJL^ l-Abrl (iS ^*“Sfl 43b*Jj 0>I^X>-j jl ^>JJ\Jl jl j . tLIj 

Ll£0 . ^2 j jyw* ‘— J^~' ^Ijuw Jl jLio .(£ Oj&Jk j Upo $JjL* ^—>"lj^|l Ji J ^ 

, CJ ‘i ** - ^ 10»A 

* 

km 100 Rochester 5 jjx* Jl v~^ Minneapolis ool q^ *>->j^l ^U-5* O^x-—** 

^jUt- dL^-Lj a« 4><UL* c 4>r 320 ‘i.**.,- a ***.11 4 jO_ la^- ^JLp ^j^jtll ab^-lj 

of LllSCc Mi cRoute 52 <Ji Jail JLp oLiJl \£jJ- J . JLaA-I JUJJI j* UMjaJl 4Pt-—Jl 

.OLpJI J^ Vjj—tjMOl JS* b(.JaJl obU^-l 4 j!x_J0 ^lxIj ftUV! oSf f-UiT 

J3 tfl 

lOjfc ^.A>e2Lw*u LiPO .o^Lp JjL* ^ 4>-lj^|l Jl aJI^-I aU»A (jl <■».. 1 fr 

.^nn w 120 km v^_> q 


Jj^au AJLS 

jj-* jl /j* *L>-1 aIj y? J- i-^ l^j -£ 

(iiL-i!) isA Ij^ll ^.Laf (Route 52 JjJ aJl J j!b Js- J\y>r djL *s» a jLj SJl>- ^ . A* <, r? ljJl Q>IjLx .^-J 

4j>-l j^fl aL Ja . 3 JU 0 JI Jaj>«jr. j <Jbrot]l Oljj^ 2>AP J0t> (_$ JJl ACjbalt AjL.<J[f j/jjP j j; 



ar>lj cdjditj <.a1s£S\ :gLJl 


^JS\ jaJ\ ^jJLaj J cjIMI flu h'Uz^yu ^LiJl t\j>dJSi j meter stick Ak-S^ j>>3l aj—-j 3 
-(c ~ 2.99792 x 10 8 m/s) &■ j~3l yj oyjy <jy 3j*kl ^U-iJ 

n ^ 

A**-jJIj cjI** 1 ^ 1 yi!T"t jl 5 j 4>-lj^|l ^S-^rl *A ^j ^ 

4d-«—J/ &/// AjJl^ 3^A>- ,atj£] £=k*>* L5 ip Aik-« 5j^*- (J o^*- *t B ?* pp ./* 

3Jl>-^1 J-J ^ 4>JLp.;,,Il 4 jojJ bJi til .4 pL~JI jUp d 141» ^JLJbU Jl^_U a«- _Jl» ^jjlj—i' 

aL 4^J Aas«-Ii ^ .^\juSn 3 ^3 1 (3 LljJ .<^J JX*1 llj 

Ip y^*** ^iS^S/l ^IkJl ,j^kl iJLA •XmSju cukl*X>-j ^IJsjj (3 l)S-^j1^ 3^-*—SLjj . 31**** Si 3 4^ 

tjljxJri(j#j*Jf bijJj (jlytJrl JjJaJi Ujjf LS *'^> s-U^aJI $.Ldpj <illiM ^UIp j J t i —Ll_j 

4 

Jail (3 klj^Jl aJP c-Aj yo {JjPt bfjJj jfJLaJi J jm^al i LfjJ ^jA *)lj —j ti^JLial— j j 1 

jA IJla Juia ;^jLvs> <_,Ljl ^1 lilj t^Jl! 4 ^*mJU U1j 3^ ^jSsJ ^1 lii) . ci3liJl 

.(!jl^Jl i>U£l S*U^ L-— Lil cjyi 


Ap jmiS 

j^Iaj i*5lj^* AjfljLi 3i L* ^t- <jL£ii1 3Jj^ ^jP j^ju ^3p-Si 

* 

A^ii ^jS/l ^la—► t —^ or ^’>* <<» S I jCJu .^LU^ail ^ l5—^ ^ 

^ AumJL) ^ ^O* jt ^jW 4l 1 ijl jl d<Xj3l 4u*> ■> Slj ^^ >3 /|l 1-^ jj (IjA 


.AjjL*—J l J>-Sf^ 

£ 

^aIL tf A^^yJl 

Route 52 ^jLi- j jt—^ «jL—JU jJ .(m/s) oliiL* ^ ^ Sp^JLi a^LaJI 5Jb-j Si 

jL^r L)t ^yO jjtf : l j .m/s 25 A^ j . flS i ^Sa4.^ 3 J (1)1 4-^_C J^bilj ^ < >^- j\ ^Jr 

j.uw?3' ell m/s 25 LajIJlI* aijC APj^u djL—II 3^ (^>w? 3^iu 3^X2 ji—^I j 

dl^-lj . 1 w,/iT C—^ jl L 4 3Jj^> C—lS^ ji ,+ j.tfT.... * ^Jj3^ ^3^ 1^1 dJJ-3 

4^1 ^ I I S Lj , 1_^LA ^ y >■ ^ S ( ifl < - ^AaJ AP yl II Si ^yP JUAlil , ilj ^J fll»L J "■ *1 1^ - ^ ^jl 3“* 

.v 3^^S <—5^3~lj APy^Jl Jl c^Jl iJl» d yji ^p-s . a^JL. a^ 

tjjykSl 3^^ (3>lji^S) ^jl53,l ^3^- ll— 3 SjtJa ap iJ j$3r. 

JiM J! jJ j~> (3^3*^^ jji^ 3^ ap j-^Ji (3*- a>cij ^3 1 ^ 

I^y^l AP^—Jl »-\j y«»«l L^AiPj (1 4 J>l» 

j^»w 3^-^! (3 ^3 ^.a^j I 4 1 a^S*' ^1 ^jji ^jp ajL^-^JJ S^.-i^C' AP^y—n-il ^LjpI ^ ^^ 

31 apj~J' t^jlS^l 3 ^ J'>^ ^ijj ^ clJj f m/s 25 

lj* m/s 25 31 ^Sp-i*j c^Jj y^j J*3^' j f ^m/s 10 ^Ul j^l 



itjJ liJi tUjjiJ( :JjS' <-»U* 


j* .m/s 17 U.UP ik* ^ll 4P j-Jl U^j' .iiJi 4j-L> ^*j Jl4 J 

SiUj ik- iJliltj cip_ r Jl *kl- kii OikJ- c)m/s 17 4P j-~3l 0_j£j_j *ki- ii! 4 kJ - 

•<**r JI 


A^jmiD OjOkj 4_Ju£ 

^ Vk tjS'Jj .iiLkl 4—oij ipj-Jl ^Li jIJp ik-l^j i^>-Li y 5jk* 5 p^-» -J-Ipj' 

j iyi fj ikuiil olJ_)J iJP if-y^jl jUp Jju tiijyw 4 jI~Xj Ski ^ 4—La**}! oljjJ Jj P J—P 

ji. Jl ij£l«> iJjt- JU J Skkl ol jUp Ji^ ikuJl kP 4»j*> <J*>U jSk. .ky** 

.iJUJb 

l _ r Ju .iPj-Jl jkJ yiL* j£-io i Mk kj*k* ‘—’bl.lP j»k*^ 0t> i^k!l< (*kJ c-i' 

AAj Jali A 4' "• A C(_£ jP-\ 4jjjjk 4JpLJiJl jf 3 jL-Jl £^*kr. O'jJi li'l * •* 6 j fl* * - *^' ^ 

j\ iiJjJl, ikoJi kjjjj otjjjJl jjp ( _ ri i jk^-) (Tachometer) y^ylriko* —U 

j .ik*jkl ip5pj-J' i^a-LtJl y »jL-Jl ij 5pj*-k ^aS>- —i* ( _ r ~—5 j . (rpm 
SiLkl ^Li wJLLp 4«i«j 5jk frUll 14 c-S^^31 4k* ^kl 4 Pj~~JI >—*O' oj jl lil i4i.—k-1 

Or*^' f k^Jl 

ik* yJ> <Pj~J q l^djk 4iU~* i/ kyL*> k*j ‘l 4 ! ^r k' <jjas —-■ 

.^*^1 oli^l Oli lib 4>*>UU ^aj .v 


9 - V avg/ 

V avg = q/' 

/=q/v avg 

(4-7) <i— 

K inst ^l* ■ 1 <- . -4 : ---* kp jp ojUp A ,js>kl .(5-7) t) i>^' Jl j —J**' 

?iJC / = 5 ikklt J 

(4-7) Ja. 

^ : i:..t kp ^ a jLp oSl OJJi ii^ Ok£c toll /! k_j —^.1 ip^——S> 

i'jl* 20 4»L~« cjl _jj 10 ij |»— k' ,Jkj L )-plil' fkl ollilj J-*P j-k 

. Vj nst = 2 m/s ^ t = 5s 4 WJ 1 ^ ip^l jjSi tOJOJJ .20 m/10 s = 2 m/s 01 

(5-7) ii— 

Or* J^l J (5-7) j£-iJl g A ^>>*^1. 43 jLkl r k) v avg ik-yll ip^J' ^ 1—* 

?/ = 7s Ji/ = 3s 



caJL^JI 





<ullj 

*(8"7) Jl (4-7) u- JiUoil :(5-7) 

(5- ? ) J* 

jti viUi) .m/s 2 Ul li~~« iolj ts-j *.Jl jti ia^- SjLp jl U 

3 j^w?^ Oi^j uJ 3 ^ J um v avg = 2 m/s ^ill 

(6-7) AJL- 

c-c (^JDl apj~J l ^ J^S; 01 tuSLc. liU .(5-7) —!>! 

.^>xill IJL* A^Um\ y AlS^ y>~ <JSL*0j 

(6-7) J* 

o ^ 

.^j^^Jl I AP 1 ^amJ| A> xJj ^ ( IaamaJ ,*-> AaS*"^-« p* < J^ ’l I>Xj 

(7-7) 3jL* 

j jSj f *JaJ- <j\ 3 .(5-7) J^LiJl 3 3 >^il 3 c£j-v^Jl t^-jj—Sill —w»L? 

?m/s 2 ^1 B ^*-^1 Vj nst a^VI apj**Ji 

(7-7) Ja> 

JL?rjl e£l .^4 JJ. Ij jLv^4 aJL* j^S-o 5 L-U JL>-jlj dJL>- 

* - 

ljo^-1 .B ^?xiil ^JLp ^*L4jJI Aj aa i ^ .5 djjUj ^j^LftJ .1 A c? jl jl I ^ax** A I 






tlijaij! : Jv>lJl 


^(^7) -^'jV JJ^ tjA—.^/l t..< 5r ..* lla>. ^j»L».* l l alaJi i yA 

i 

• Ljif ~ 3.2 S j$ .^~ i<jLiit \X* j ,/ < _ 5 ^ A-*—.(f) 3*jJl j_^P £* 

(8-7) Alt— 

C—£ (^«Ul jt—»Pi .(5-7) J^-—It J i. _Jt Li J sjj' ^ ; ' ! ' ^IJLs^—_~«I j 

J* 

l> tm/s 2 ijjt~~* V^ v^' ae-^r-J' C_ilS" ^il t <j .5 ila^l y i£j>- ■_° * j 

41 UI ^Jt iil_it ^ 

(8-7) J* 

v4 ^; fl■ — . J . f | (Sj \Jil . 4T ..11 jL£t i y* l(7 7) ajl—It J lA-Aar^jt ^il 1 ^ ..di aJaJLit ^ 

# „ ' M ' 

I.(^) A^lj^fl j jC-—^ $l£b La$1 L^^ai—> .j5 —-*3J ^*>1 

.Ljyi; q = 11 m J? Jliil li* j j^u .q jj^\ <J ip U-iJl 


Afr^uili ^Ijlui 

-l>-I^Ji -AfcJl 3 dL^r^ >Aj«A^- t(J^lLAl—>< j* APjaa^l 0 —_J 

^axj 3 ) ^U;( Aj^Aj <3 jl ( 3 ^—^ 3 ) ci ( ^ S : ...* JaP- < _ ? 1 p <J>^Ls4i J—ij) 

.<—>b£Lll iJLfc Jb4 £jl>- diSi 0| ^Ujf 4^>C j£\ oUj? tUai J ap^^JI <^ijLp j 

^l)Lyui& 

ap^—J l ^•jp ji—jtiJl ^ ^/ . a*pI *—1 4 —^*3 iL^ j* ap il ^L*-JLi ol \—C 

y ) jLp A^l jj—J ftjl nail (CAII jjy ) 1 »»» 1' (JlAl (3 L* fljl Mali (^LuS*" l *1 ^ " 1-1 J 

25 lic-^ l^J .l!JJ3 *-a jJcb L^ip^ ^U-i jLS^ 4^^>-1 jj o-L* ^ ^Ip ^j—I? 

.dl^Nl oS/ J^i AP G^ iJ>Gj> Jijst J Ji—il jt ^r m/s 

4 ** 

^ iSJ a Jt jLio .(^-t ^jjj £* alias' L. ^ymJ* ^ AjlG* S/' J- ^ J ^, 

AP AaJm 1 ‘ (* 6 ‘**^ jJo ^J,j jUioj 44 ll 4«)aali 3 jb. AP 

*Cj ta ^ Aiiijil AfciS/1 l)1 .0 ^ y f -tlr^ 4 ®I 

•L^^' t 4 dL ^^'j AP^aJl ^ J5" jJcJ 

j^uJI ^bul A-iiji 

ab4*>U ji-*—J U^**• APii ^ja*l*i* 4P^tjjl 

4P^>»La> ^JUj 43ji*i^~i 3 .A*—*Jali> aJL^jj ijL*-Jt 3 <2JJ<i> ^G*£ ^ 4 .<jLlI__p^U 3 ^ 

3 Aiv5^P j+*S 1 J»lJP 4ja^\jj C5_^~* - -* 3 a 1>15^ 4-^aaJl aL/3 

lLJLIp tBlack Hills Jl J^a? 1 >JLp 3^1 j tdl;jL-J aJ^I Sp^-J' ju-a^- South Dakota ^Aa 
.(UJU^aJ jt L*ki ^)l jIj^NI dJJ. ^UJ jl**-) (Clinometers) 



aT i2JL£)l :^LJt J-oaI' 


10 m/s l*>i 





A-utiftj jllat 5 (JuaJ Aaj^U (j£ 


] 

■i 

1 


} r 

r ; 

^111 .j . |—i i _ 1-4t-I- -I-, 1 

C 

/ 

r“l*“r'T ,, T*’ r-| 

3 

j 

J 

; a 

r^r “i 

k 

h 

L 



^ (Cj iB j *A) .Ltfi ^ ijL-1 Cj *bj *a a*._>J a*J :(6~7) JSJJ1 

Lljjjl aJa^I^j ji (* - ^ -ti) A^rit^\y{ ^LrjS/ 1 o>L^^1 djLi^l —^-C 

L»Jl-j 4djl>«-Jlj (jJjattlil ( J_i y* (JjS/l ^UaJt ^ Jfldj . 13 jJj A^stli jj^ ApL-Ji <^>jLaP 4-^Liil 

(6-7) l5 «jjVaL 41 jL-J ,<jujjaJl ^ y ^UaJl J. /a ii 

^>b<3 UjjJl *ci l jd\ <JLp a*-j-> ‘45j 4l20j i90 UiyL“ cj cb j a*— iSU 

. JljJl { Js> jj 45j 4(330 jf) -30j 4 O J'j>- 

L y?JjJaJl Wjj aL ^ j* Cf* apJ l Oj^j:—j 

.ap^JI Ouit oUU^ ijLi'AJ ^Li jlj^lj ^jLoil jx-^aJl Ul j j jf Aj 


^jlualt 


<3 J-L>- JLP ^(Jl->JL^ <jt . L« ^ > - j> r 4P y ^LuJli ^jp j^jJ J-& £ 

(J ^ip) Jj>-!^J l JbJl 3 JbJP^ ^-1^ 3 j— i jl ftl 4~*y' 3 j *ju ^ 4P 

. 4Pj*-J 1 l>li ;(pLoaJI (3) ^Uuf Aj^Aj (j jl (^Jx—> 4 ^ jZ...< (j) ^ J-*J 3 ( f ; i~.. --* 


ijJUS lIjJL^ 01 Ajj^iaJ\j 4A*-ui3 AP <1)L>-^1 y**-* (3 lL 


.Ulj 



i>X&\ frbjjill otJl 




£IjuSi ^ jluui) 

j£~. j*jij oL>-\n &ju 3 iL^i? ^p JJ ,^pbiJi» a-^5" l)| 

. B 3 ** lJ *jj£ Li y*ji 5jLp <-*-£. cl-ii* .£J 3** 3 ^ yx*p 

3^“***^) m/s 25 ^ olj 4 p^* 3! (jl j ^ ^Lp 3^3^ c 5 ^ ji**° ^<3 djljA-Jl 3 Ll* 3 

^Jj 31 5jL**Jl oJbw? jl { j >t * A 3ij& (_5^ j>-j L*«Aip <p^*-J l ^J*ij .((7-7) 

tel .(^^' ^Ui j^-^JHJUb J dJUi <>jj 5 jJLaJI fJiP ^3' JLP) Jjhj Ji—*3 31 c^k,—& y 

H» 

j^t*j (_c3ll 3>| ^ ^L^3i ^ ix^i s^***"i «*.* 3-^/^ ^3^* o^L^» 3 l 1 1S*" 

^ ^Lo^iJt j^j+* * j*^ t h »*a l>* « p * jLc^* 3 t (3-^^-i^) ^glp . 4 ^ 4 ^ flj L w— 

.5jL*Jl jwJ ^-TUil aUVI Ji 

^jL^l <jwjyL iicj^l 4 j^Aj t ( 7 — 7 ) 3 ^“*^ ^^yi .|» g^tr i*«M — p y —S^c 

j tX ^^p^j i><-^J sLaj vi^*>C a^-jj .rn/s 25 c£ jL~j toli ipj-^ 3 ^ 3 * J 3 ^ j&~~j Sjk - 

•Lr^* 3*3* c5^ ®jM jy~> ^jL-Jl .zj cyj tx ^ ^jL~i)I i*— i,\y -Zj tY 

<* ( J> ** 

i£y *3 ^JaiLS"" uJ-taj . \jJl<p OjPsj 3^^J Y ^ )^ 4i ) l 3 | » 3i«-*^<* ^jjjaJl oj 

.i^Sii 



ujjiaJI — 


ijun'l ^ W; A \\ tljLajjJlj 


hH-4-h-M- 


-K-H- f -t 


jj^iall Jp (^j Of) Jblij tlj^j ^ 0 jUaJ Zj tyj tX ^ jLiu]l 4jui1 t (7 7) JSyifl 

.y ^JaAil! ^ jLoU ^1 Jli. Jj V 4-jfy ^laijulll jA y (jl ia^.V 



& C0 jl Jlj cSJb^Jl 


£jluull JLlau 4aLS 

* 

jJLj Jj .(m/s 2 ) y <JidL y> Ijajl ^PJj c4jli]L> ylL ^jL~ll 51 jl? j^P {£j£ 

^jb:««o a jL~* ILjJ jl y?yil .^yiilj Jb» J*A>- y <j y <j\j y !• .AjiwUl 3 L»m^> Jji_b 

* * 
y yil .m/s 26.8 L>y mi/h 60.0 *p j~S\ . Jly 5 3 ^pLJIj *>U 60 Jl 0 y 4 *y~o il 

.y~~* (j m/s 26.8 4Pa jL*JL> <J^Uaj*)|l aJoJ- y OjL> ^jL~ll J~^» Jl 

:^jLJl 4Jb cpL~>- bl 

a = (26.8 m/s)/(5 s) = 5.36 m/s 2 

y*:*M t^jSsJj a jL~Jl jLip-^/1 (j 3^' £yl~~ll Jj^j — JalL 

jl jp \yi 1 JU- - 2LJU JS" j^y. jb*t 5 Ji-xte. ->by m/s 2 -5.36 .1—yil ^jL*.—i)l 51j—U 

.s 5.00 j mi/h 60.0 Jl 0.00 y ytf *pj~Jl 

<J^Jj dJLJb JuJlI ^Slc .43 JaJLS" Jp Apjail ayjl aJ^/ju J^l ^jL*Jl 51^L. 

(4-7) J^-^31 (3 syill J y 3 J-^13-1 —^1 jb— 

aLj^ yLaJ (.accelerometer ly*j“ ybll 11 a y^ Cy^ —; yL—si' cLi—;N 

^-y. ^^53 .y^ll 5 jl^ 3 l 31 y^l yil* jss*j 3 t jtgJb 3 Ojifc* 5H" c-*; ^ c^y= jb-— 1 

^\ju>» 4 a?*Jj 01 tyajLJl jy~ al^-L £yL**ll ^l>ui al ^-1 Jj^j Jl c/* 

.yu\A] aayi $.^i«jJ 3^^ .^J—ab^-lj L?rjL>- 4jyii AjL^jJI ^y —ill 

.^-L-Sll ^LUJ IU^ (8-7) 

d-jti cOl^ll bfcliP .jS' ^yajLij j»Lp 0^y-* ^ 

a^jjJi I 1 a .O^yl^ 4 jiS^ Oy ■.lg.x.<il3 i 

Jp oiUrl jftJU jl .ZjjUrf£jL~J OjAlJaj ay^UaJ Ort-^5" jljll iiS" aJL 5" l^ilaJ 

^jL^Jlj caJ^xJI j ca^ aJI jl .m/s 2 9.8 Lj^iJ jL-llj Jp^U o^ill ^jl^Jl j_ a iii_S3l 

# J# 

.Lj y yv- LkS^ lJL?r 5jajl jl* ^aLL* 

|^| aA+M*/ * lj ~^~ . ^ip~ ^2^yg ^a W* ^ ^ jLm%J J j^^S^vjl i'j!^ 1 wLj U .*> J >T jl J—*AsS 

J^aj J.UL)J .q AjIjJI <JaU ^ IjLipI ib-lj^l 4l^L? oils" aJlil a 1 a J \ju 4 JI y >yil ./ A*^*j ayl! 

: An : ./a\\ a 1 a 

q= a avg t 2 /2 

A j^jil 3 V inst A-JNl ap^JI y^JU Lp^ .a Lyj ‘oli ^jL-Jl 4IJl Jbll 11 a 3 y J xil 

! Lai" ^jL^Jl dJb^laj IJ^Il 4PIrJy JULJ 

V inst = ^ 



<ujlLL)I tbjsflJt : JyUl 




Jj*A 


J ^ 


ASjjxm <Jj£ 



<^\J, USII 

£ jLuall Jc 


m/s ^jluaii 


JaA3 <L^Iall I^A uflJ ^jJuLa :(8“7) 

. 4jLi5J Sc-ljL JjjjjII ^ 4 J> j" 1 <■ t t> jj 


(9-7) ^Lma 

Olj c(9 — 7) 3 Z?J y4 .11 jLi*ll Lj.iJ 01 ^Jp jIaJ 

^ = 4 (3 ^4 ^J ns t 3^ ^jL-*0l L* . t jya^Al < ^v* jL-^ jl— 

(9-7) > 

0 £ j) ’0r*J^^ £* JabjJ *p oS/ cu>Ij ^4 (3 f j-**’jil ^jl~~—dl 

^ i? 

^.<^, ^ -1 ^ jLomJ jJi Jl^rl 3^b“ ^-j 4^>lijlj ^iLl ^*»LP l j^> - 

uJJJJ .(m/s 2 1) ajUJIj <^1 1 ^ <pj*Jl Ja*> ibji ‘m/s 10 Ji 0 ^ Olji j-i—p 3 

* 

.a inst = 1 m/s 2 y t = 4 s aJo>JJI J ^jL-Jl j j£j 

(10-7) <i— 

t3 (9-7) aJ jUill |*^~s«JJ a aV g ^jl——x)l j —ft I—• 

fy=8sjjf = 2sy 

(10-7) J* 

JjSsj jUlljj m/s 2 1 cSjL— j Ail l A ..,-.* ‘j*yu» • Ja :>• y; ll jS/ C— ;l? ^jl,~ jl 

•ijjjxJ.1 (jyy»y Oir^ 4 j O^ 2 -^ 0v ^avg ~ 1 ni/s 2 

(11-7) 

a^ j*—Jr £_jUJl y Jyi 01 J>*s.. lil* .(9-7) j£-i—)' £ B —Ll y —>** 

U-4 4j>- j jJiu* 




ary-lj cSjitj : jjUlt 



•(13-7) Ji (9-7) c y .Lt'^ { f^j‘r*j:(9-7) Jiilt 


(11-7) (> 

&S *^LhW jjl ^ ^L*>■ ... J rl I>Xaj 

(12-7) <luu 

^inst (3^ t (J»' <3 -(9~7y c3 (3 ^LXAJU^lj 

?m/s 1 (3i S (3 *“■,>-- ^ -11 

(12-7) <> 

v* I 0 i, ^3Jl^ ft —lJ ^.L .A ^ ^ *ji* *«J » ' oj ja *»* 1 ' ^IbX^sJLw ^\j ^ ^ ^ 

*" , _ * ** 

4^- ^j^y* 4^|iL* j/1 sl^rlj L»N*il<*w4 IjaS' *5 LS^ *0^ A > $>\>- 

* * 

.IjjJZj t = 6.3 s j^M I.(f) j>jJl j^- £-* t(v) 

(13-7) 51u44 

Ax^ijil p-~cArl &Jp~ Jj^Lj .(9—1) J§ tj c£ v r'>‘ a ^ y*-^ 

^jL*sl)l Oj^j L«Jjlp t 4^1*4ja>dJl J5 ^inst 4^^-Jl ^A L* .jUlP^/lj B l! 

* 

•m/s 1 lijl— a inst 





i iX&\ : Jjty oUl 


(13-7) J* 

^Js' a*aI jJl B ^\s 4 J ojo (jjl (12-7) aJL-JJ 3 Alaa:il 3 J —&- 

* * * * 

A^*a)I 1^51 . (V) jy^~ Ua>- jL^Ji dl^-L .A iSJ ^ 

* Vjnst = 3.0 m/s Jl y tits'j Jlill ll» J _)OJ .v Js- 


AijaJt ^ 

Aj y*^A I ^jjjl dJLft^ ^L^jjJl 3 ^LmOsr^fl 0^15^" ^>- ^lp Aj^j jja r 

4^*l_& ^n^oi^i LiJl L&^LjlpI 3 ©-L* *j->-L j .^j^j 

.<L*Pws*s A^ol^r ^ y*3 ^S' l£^./a H AP j~h ^jA 0>lpj^Jl L.-J^IflJ 

JjVI ojjoj (jjiti 

3 AjU lAor^lp- dj-flJ ji aJU* 3 OlS** lij (1) t-i-i 

a 5"j^i-\j j*»-***>j Ajli tAjpr^lp* d^JsJ ^ 4 A,^.jg*^ Au P^aO 0^** (2) £0^^-**' A )L>- 

, APdJi-4 

ojjaj 

iLji» jbjl ^5u: •oli t(|jJ F L^iL ;jk i jii (fly jL$3l>) m *&£" 1 * — *- J?j — ISJ 

fi 

.“aJLII Aitj^il UiJ (aj jA AjLilL ^ilb) q ^jLvsxil 

a — F/m 

y* Aju^aJl dJli> Ai]l jS'ty j\X^^j\ 

F = ma 

AXyyaJl ^-w2j t A^PLaJIi OjLj^Ss5^ ^ jL-v 3^J d jjJl wXj U-LP 

F = ma 

(Ut^it (jjjoj (j^jti 

y4 |v-*«»p jJI ISJ > si '' oLKj <3 jlJLilt (J 4 jjL-j Jj>* ij ( J—*i J— 

.(F 0^aU A^«S^L*-*) —F L^-PIaJ»i d^Aj y4 J 3 ^ Oli F L^pIa^i 

(14-7) 5i —4 

Oii ftUiJl J Sa^^j m = 10,500 (1.0500 x 10 4 ) kg IfdbT v‘U_i i^i —- 
iL> jo» .JU-iJl U 4 Ub ^ F = 100,000 (1.0000 x 10 5 ) N VUi ly] ^S\£i\ 



- ary-lj j i^LJ) J^iJl 

(14-7) J* 

F oj-aJi 4JL>3 • 3 ^ jJjJ Djilf LajL»» djill f JL>V: , 

ji—Jl <JLp^ ^ m ii^Jl ^L» 

a = F/m 

= 1.0000 X 10 5 /l .0500 x 10 4 
= 9.5238 m/s 2 

db£lj (J>\ tF 4-k*oij jA <Jl^-l oJlA 3 3 o 

l**j 4^0 L.T* j*+p\ ^jL*Jl UlA (jl JL 4 

oiU- Ji^- $aij j 4jls"j AJUajjJl <S jil o-u Jjph ycJ^w- t^Ji] .m/s 2 9.8 

^J-^>- dji ^ ~a J j ^sAl+0 

( 5 - 7 ) <JU* 

jjJb bll _p*Jl fjv s-L^aill 3 Jai£ ^kill ^jUaJj jl Vl c CfJ? <3jjldJ Uaij 

(5-7) J» 

j^j>}\ <Jl)aP o^aJl a Jla 0jl yit a-XJ* L^pIa^ ®^.ai jlL j w *i 

z^SsJj tL) yL) olj J y~ J*> aJI 4p . ^J £ ,***a h>- y$j 4j 3*)U 2 j'y I <J jl —£ 

j <j\J Ortjjli li ( j^>yCj ^Jl ajjiJl I_ ? .«o Ujb 4_P ^1 



4 jU- I A_y 3 ^glp 


5 ji 4 Jj j!b L* . ^3 


%?fj bj flJU^ 4^yJLlll j . djjj*/2 it *-LLP —-^ d 1' IJlA 3 < ll -1 P 

J# 

4.U J aj yx-j* <J01 Lklf- 

LS* 1 ^- *' J “b -1 

•-r' f'AM” (3) 

.AJliJli yj> ^1 jLS^ (b) 

iJlijLj j* f>\ j&jLS* Jl^I j (c) 

’Cjj* F* Jl>-1j (d) 

^l^1 m/s 1.0 UjlJii# oL? ap^o kg 19 l$x»J 4 I 1 S" *5^-™^; .2 
~~~* ia>- ^1 p ii aJliSvJI o\ ^yi\ i ?<* r *j \jil <+i\y> /y* 5JbS\Jl dJdj 

■<yjj 19 (a) 






tbjJL Jl :JjS' olJl 


.yjj 0.053 (b) 
■Js* 1 (c) 

■ifX> 0 (d) 

olbT *jA 4 s> j _il .3 

. »L4l_> il>jl* (a) 
.iLfj is- (b) 

(C) 

■o*j) *»J~. (d) 

3.00 AibS^ , -r , j^ a y .m/s 2 9.81 ^j* ^ y»3b 4 -jibbi ^jL-j .4 

?S 2.00 l$»!»<.! •» ^1 a»LJ.I U i Jlp ij\ ^jA kg 

.m 6.00 (a) 

.m 29.4 (b) 

•m 19.6 (c) 

.m 58.8 (d) 

j>ap- lg») aju~* ^Jl 5iLJ.I ^A U .Jaii kg 1.00 4 Jlj— -S' £ <—>jlai I jSkp- ibS’” b)i Jpjis\ .5 

?s 2.00 J v->3l 
.m 2.00 (a) 

•m 19.6 (b) 

.m 29.4 (c) 

.m 9.8 (d) 

?sLi«i yJa .11 j S' 1 Ajibjr c.. fl » _jl OA<: lib» .6 

•sr ^ ( a ) 

01 jj -dl i—■» (b) 

(C) 

. A .tdl ^b b A * —mA 

^ja 2l^Jl .7 

.»Ulj jjj (a) 

( b ) 

•b^jj (C) 



aS* j}-\j cSjaIIj 


* * 

. l^P'LiW' \ y.,- ax>aJ A-Li^JI ^Zt <\>? j} 'y ^d) 

^jP O j*p3 wLai .c^jIaJI i yA iSJjA* tf.L-ll lJJ-w^ j ^y* £^jlj .j^p c-Jjli ^L^jb .8 

tillj £jy& l*-U p c-aL^ £Jr\j tw^jUi! jS/ *d.l <J3 *tuU 

• Jj^ 1 ( a ) 

.^Uil j># dj\i (b) 

. cJuii ^jj^j ojjii (c) 

.a 15" ^***1 ojj^l ajLJL*- (d) 
4JV-U al>^ < a 5^ J <3 -9 

.0*1 bijjj Zyup}\ bijj (a) 
.ap^*J1j AiL-ll (b) 
.iiUlIj (C) 

.<J> <d) 

# ' ^ I 

£^bw A3!«Jj .^~JzZ**w« Jjj^ip a^Lill {.LjI C_-Jjl? djU«-£ cujajjl C]«■***■* (j£(3 SiLiiJl —> 

^ jL*Jl 

.aS" y^lil ajLwJl al4b (a) 

. a£" ajL*Jl 35”*^>- aUrl (b) 

.5jL~J! a 5"aUl JU^ Aj^j^Ip Ajjlj jij (c) 

.yup Ajl <.Zy*y j}P (d) 
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i J-ttJ! j 4 A£AjaS 

Ac-UaluiVI j tASUall j 

JLP .ZiLbj A5^>- ^ aI^T j£j .aS" iljJL- jJUlSLll UL&i 

(r\j^A ^ \ A.^1^^ |-/adll IdA ^5 klA>> . ^.om^ JT d? dl^Ii^i AjldlJi^ A^Ay i ^ ^aj (^Milflin m i^ 

. a~*u* Vi A^jjJi 

ASjaJ ^4 

t(kg) ^i jP^Jl^JI ^a aJL^JJ a^LaJI .AiPj —j aj^j-a« ^ +—«* d rl aIiS"* ^a aS**^ 4-1" a* .^.iC 

- fl jPjJL^Jt? a 5"yU a-^5" ^ jP c5 j £ .(m/s) aJ^ >> ^ ap^JJ A^i^i »Jb- 

a^ yU 4-^S" jli c5 «jUI* J-*Uj o:UP- ap^~o L« 2 d ::—f c-obji bl .(kg.ltl/s) a- ildL 

(.Vaj £* 5 djlJjL* 4P j*J}\ C-Objl IS] ,o\j 4Pf.lij { jjs>\J^\ ^1P <^Jlbj t5 djiJuL* ^j>W ^ij>J? 

.5 ojIjX* UojI ^bjJ a 5"yk! a^. 5" 0^ t^U -UsiCS 

£bui£ ASjdhfi AjaS 

jls ^Udj .(^1 jPjJL^iL) /ft cidJ^ aIiS^ jlJ c(AJbid jlllj) V b ^*or AP^- ji ^i^-31 

.*L»-4 ^-d> ^a p a+aS' aLj^» 

p~mv 

.aL jU\ Jj ob^l JjJL^ tj^l5" aS""Ac*5" cJw=>jJ .a 1>»15" A^aiii j££ 

aS^Aj^ 5" jJ) . obr^^ AjPaJV-^ AjL^JI 4PjLlP^d Jl>-ij jl Lulp A>f {£*£ M A j 
^P jikj kg“2 A^kT J^>- aS^a^ jP 4jLLi£ aJ^ 1 dkdiU ^>P jJoj kg-2 #5" ^_k 



hjJ£A\ 


* V 

O' caS" jJ -I a^S ^UJ- Ji«J pj cap^-JI ^U-0 Ji*j v .(aJL-^JI jJLlUU 

p = my 

3^iaJl (jij j>x!a ^-~~J>r aS"jP- ^jCJ jl jSlc 

p-~3r' ALT ^Iju • 

p_—3r' AS"y>- dL^! <3 jJu • 

* 

.ap j^S\ 3 '^^ygu*** ^Lk-g-O^ju viJliilj ^lil! jLoJ^-'V' Lsp^ 

jOip^/Ij g.LsA 4 JI 3 jL—w* 3 jh tf.L0aj ajl*a*w tL* aLxS”" ^j. £- 

jJL+fr Jl ^*^P ) A^LwOl AP ^.*1 ^jp “ 1 kT - C f* _J A^dl ^ 4 a, Ja °* 

aJLp J^>r4JI 3^-^^ AJlOLwO! dO-ft ^ip F 0j3 ^««)gj al^Lj As*JL__j^ 

£ P ^ 

aJLj j taJu'jl* AP j~~j ^IV!)U a 3"jil a^Lii A^r^ olS^ j^\ aJlfc Jj>- 1 0| t$A*/aall a; .. a .* 3 olS^ j£- 

jA 03"”^ V^_p\jt*^ a^JL a«jIj / aJ.1 ii3*^-^ (£'ij . a 3*j-^' al>^' j^Ip aj^LS o^lS*" 

y> ^jjUl .£»ajl> U-LP F/ v s *Jl J-rf>U- ^JL- lil 4((1 —8) J^iJl ^ Sj^Wl ili_4^1 ^ £_Jsy 

:(kg.m/s) ijjliilj jj> ^1 ^ jL£3l> <up j?*ij tl j>PJl ydl <—*_^A aJ >*jij <^U-i 

I = F/ 

3 A^>-jjL^aJl olS" c-3ju& aj^ $l31S^ 0| .ap j ~+Jl f^L«-0 3 \jt** 

■f 

:a tF *c/w Ali^Jb AiJxdlj ^jU«J| ^J.i^aII 3 aj^aI I £ !^l */aa\\ aiJl* > 

F = wa 

.^iaJl aJ^U 4 JF jma Jny*. 

I = (/wa)/ 

^.l Qaal l ajluIaai AP jj*» ^\jlS» jl j&\ AP^3l ^Lr^ai 01 O'yi ^5^*L> 

CAJ^I JLiP oC ay Jlijj ^jjUail lly^l of ^>^31 ^ .AJ^Uajl Oxj V 2 j jjL^aJl 3*>Uail J3 V 1 

a = (v 2 - \ } )/t 

^JLp ^a/s->x jJ AiL^Jl aJ^IaII 3 a^aJI aO_A 01 

I = w[(v 2 - Vj)//]/ = /nv 2 - wvj 

.a 5"^3jJl O' '-Lftj 

* tf j ^ ^ 

a*aa>L»>»' SI AaP jllp ^3oJl /^p .a^j' ^.Ij^jsJ' 3 '- 4 '-^ L»^jL# Llaau^I _oJ 

Au^J ^>-1 J^0» aJI ^jJb ^Ju O' dJ0£Lc .a5"a-^S" aJIS^ j t(kg.m/s) aO^^ 





p ^LaJUJI 3jLjl ^Sv_C .p Ojl^^4 ^lx-5* yCj 4£ijJJ L» p—^J»r {J&ij 

.Ji yty J* JS" 6^: ji jf oL4^l ji ^ 


U^.J 4>-^l jl 




fuuiaJl J-jLujj Ju>Li. Qa £±A\ i.;innj J ^jlLaJ j^la t(l —8) J&u*H 

.|»Lia3 t<JLaJI ajiA 


(1-8) ilLu 

Ujs> ^JLp yjj . JUjJ! dL4b m/s 50 4^^~o ilyo kg 2.0 <xJu5" L~~>- jf yyl 

^iJLjl y l» .^Ur' iiyJl> <l^Jl yJ O^J cm/s 25 jj *S"y- k>>■ £** 

^i-l J§ ^jP (Jj y ««Jj 

(1-8) J» 

SPj-Jt ^l»-lo ih£)l Jv’U- p t sJl^V' iS*_^M i**S' 01 

p, = 2.0 kg x 50 m/s = 100 kg.m/s 



io-lidl t\ijjb\ :JjS' olJl 



ipj_Jl ^U-io iHOl i-jjji J-^U- p 2 iS"I .JU-i!t «l4l> 

p 2 = 2.0 kg x 25 m/s = 50 kg.m/s 

:p 2 — P, iS' ji~ I J . JL-iJl ol4lj 

p 2 - p, = 50 kg.m/s - 100 kg.m/s = -50 kg.m/s 

* * 

wi y> ^iJJl jl U .^yi-l oU-Ij kg.m/s 50 ai*J 3 jL*j a* 3JI «ji*^ . JUjJI al 4 b 

• i»L41j kg.m/s 50 c££JA)I A*J jli j JiJl 

3 X a—3J — jc aJj jjflil h £^U-jJl jl . jJ^j y 4^-jiJl dJUh ^JJ *)l 

-Up .4_Jhj aL J? JLp ^ Jjh»Al ^ySJO 3 J . ( jS\jS,\ ol—^rVI 

. aL jJaU AilUil A*-Jjl Jl>- JaJb oU^I ^Slpl 


L«^Jh*w* ^ig\ A t i ^ i L<*^_vAjcJ AmmJlIIj 


^IjkuaVI 

a 5"y- 3 Uj&S/ I «. ^,4n,.j ^aJy L*Jj—P 

JpJl^ c-~^Ull C-hjJl 3 


<£ 4-ja£ A-uj-uoa 

1 g 4 >. fl ) AjJ^Ji AS""'^^-1 A-^-S^ Oyj C a5"J^-/ 4 .+4 > S ^ J| 1 3 1 < ln*iI 

Jhll fliaJl 3 N . L/^ ^ 4&J/ jLT hi flok^VI J*s V .flak-^i aSJJ -1 A^r 

dji jl 5 jbS^ ^1 hi ^L)ajJJ aJSsJI aS"^J- l a^5^ l<S ^LJbM ^ c / 1 ^y 

. 0 Jj Jj?r 

Jj Jaii AjpL« Js?Laj (3 j\ yy*^J>r (3 ^ ]^? « l l aS" j^-\ y r ^»S' A*Jj-y2-» 3jjh 3 ? "^j! ^ 

^ijilfl 3 j. Aj^LLI _L»LSjJ| jl ^L*Or'yi ^ 2 -LP ij\ ( 3 ^)l |» l^ : l l ^ip Uiljl 3 ?- 

.^Ualll ( 3 * ( 3 toll a3 aJS^I aJL^JI 3 *i)l ^Ua-^l {£\ 

lit Jp ^iU olJL^jJl jl hi cc-jhS3l I-L& j iJL^Uai j^l j-* j!Ap^ c^5 ji\ aJI 

^L»J^ aJL^I?^ i^ljp^LSCJlj a3“*^JI aIi^VI 3 cuJJa] .(SI) ^Ua-Jl 3 _sj d^u__^- 

cJlS" hi ijj^ljis^l I-Xa ^LojlpI ^Jlp ^jxJ . oliiL) ^1 jpjJL^Jb a5^ ^3-1 oLaS^j caJUlSIj j . xlL ap _ ll 

^j5" ^SsJj .I_^»JL?=«JLw -1 C( 3 ypl 0 »IJL>-J JjJL^ ( 3 y>r hi i^_jJaJlj .'bljl (3 A^u AJl^-Jl c^Ijl >-J _ll 

Aj*t*lj j^P j! t^h-3-l A - 4 Ujh AAil jIa C^lA>“jJl jjl ^ .oljl—3-l f.\ jSt\ -AlP Ijj, ?- 

•c 3 ^ A^ ^Js- y AiJ^ 


4 jUI ftu*Vi 

jl . Jlyll ^ cv 2 j Vj 3 ^j^ ^m 2 ym x jul^Jl 3 -^*^ *(2-8) J^-iJl Jl J^l 



XMku/ihj tiSUall J t J*dlj J-^Jl 


i)L».** J ^l g *^ S/ 1* A>t^c ^\p V 2 j Vj ap^wJI ^P'Lici 

<_gjUo //jj aJ^S"” ^.Ul ^^11 aS*" ^J-l 0| . Jliil Iaa <3 ^_**ajiil ^3 ^l«xJflL^>l 4_ )[>- 

•P 2 = W 2 V 2 c 5 jUJ #ff 2 AibT (^iJl ^-ciJLJ aS" yU a-^Tj tp, = m l \ l 



<c.^juJ 1 4_*jjjl (j£lj a^jIj aJj£ 1 \a <_]£] tjU-jl jjLojaia. ^ :(2~8) 

.^1 Alax-aVl ^au (jLoj-kiaJI .La^jJaau (jljjuL 

p 

<^S 1 *— Jr I JW .lie* Uya:llj jl^-Jrl ^jja t (‘-r') -«Jl (J 

^j toJbjJrl aS" yU A-^r p .AjiJLiVI AP^~Ji A*J*f J* ^ if V JuJjt AP^ _j 

Ii^JLijJ .aJv 3 ^/^ aS"^J- l < j^y±£: ^1 

P = m \ y \ + m 2 y 2 

:dUJU .m x + m 2 VW^' aIi^JI J*£ v ^l^Jl apj~JI jooJ- j£c 
p = (m x + m 2 )\ 
v = p !{m x + m 2 ) 

t£ ja!\ waVI 

^gip tV 2 ^ Vj ^j\IP^-iij ^^2.5 ^1 o] .(3 8) (3 J— 9* 

a^w^ jll jpj jLgjsJj t < «> ■ g ; < x l j iLa <jy>w?j^ jjp v 2 j Vj ap ^p J! .Ji^)' 



bJJA all frbjJ l\ uAJl 


^OfJLS aS"" jX -1 4^S JJ . ^>*^0 j&\ Jliil l*i* ^ (I) jt-vMxil <J ^luja-stf»l aJU- <J jU-^Jrl jj $\j 

JUbj ,p 2 = m 2 \ 2 Ji jL~j m 2 dbS" ^JUl aS"a-^S"j *pj = AWjVj jt~J /Wj ai—L5" 

* 

lf-^axj jP JJ jj Lij .Aillii ^ APLfc .lg—uli (2-8) a 3U“ jJLb 

JUP 



cAft\Vl A Ac.j*jJI AjLj.il J AjjIj A_t& La$la (JSU cjIauia. (I) l(3“8) 

.^.iLajLjiaVI JbtJ ^jLajuaaJI .La$jJa*J <j* (jLijaL LaAj 


^Ju C£j]aJlj L*®LlJLxS^ ^JcJ |i . La ^ ttJ ^Jp IJJjlj t(<-->) f — <3 ^ 4 Ob—^u) ig , y? i 

jjiLil liij t jJuj ^1 aJl$J 1 ajT^L| Aj^S" c/^S\Jj .aS*" j 3 -i < j^* JST Ojyu capj—J l Ip l*— 

. a 5 " AjjjaS* - A^J j*&A 

.V 2a AW 2 JbjJrl APj-Ji ^U-ij v la jJ*> /Wj aJj^II JbJ^l APj—Jl jt Jfij —:il 


Pla^^lVia 

P2a = ^2V 2 a 


Pl + P2 = Pla + P2a 




j (iitytj t j-pij 4 ar^uii j-^ji 


juu, 


mM + m 2 \ 2 = m ,v, a + m 2 \ 2a 


^JJ-\ jlUJt J JjoU^i .ajli. oMU (3-8)_j (2-8) Jl£&Vl J 5JLi_ 

* <* , 

cp LLp L-** .j IS"" ‘"-'f Lc.^ . a,. «.<■' L*v j I ajla a^aj Lla 

JT _jt ((2-8) j£-Jl J) *SjJ I *k£!l Ja _jt J] c £*}> »1» J 0^3 jil ^IjJ2 

Sjusap UjLL^ l*Jl 3 dJJ-i .((3-8) JScdJl 3) ^^ ^ —* 

oLLk-P 3 jl jljji d^ aJLI* AliV^/l a Jp> 01 lw? j£\ 

(2-8) a£— 

.\jji~\i J^> JeS a5w< ^]p ji*3J .jJJbc* ^ujLj^ jJ jUai ^ Ajj^a A-aJ dddj Ajl 

kg 2.50 £-Lj *13" 5 jUaiU .m/s 0.250 ^ ^ kg 1.60 £-3 *13" ^4 jl—W3 

"' ** 

LJ>15"aa-vjl* 3 a^* jJ ob>“^J a^«w\X» 3 ■ m/s 0.500 *pj~*4 ^ j —^ ^j—j 

j! jiJL*A JljUaiJl .t-^-ilJJjl J} U^-s^a-j cPji 'V C^: 

L» .o>!5" j£-\ ^ a jJLiil J^a.g; *JaJ- 3 0-3 dUl ^ j3lj fJ >*aa 

* ■* J 
.ai^w jUa* ^j^>- ^*^p jii jU afl ii di^-ij *p 

(2-8) J* 

d\ jyji> tP.5 Jlp m b * m a oljUaiJi -c^ ji-- . jUai J5" aT^ - ^1 cNjf 

^jIp ^^laJI Lo^daxj jL^Lw < jp \ ^«lg"***>) .l-JL^ cp c-o-3^dJi al—^-1 

<0 

.v b yB jliaiJlif- j.■* j v a yJ \j A jUaiJl ^ JiJ .(i^LJl J_^i» 

j^ j“ .v b = -0.500 m/s_j tv a = +0.250 m/sj im b = 2.50 kgj t/w a = 1.60 kg ot I—f.j 

JlyJl JU iT>1 U^ 

p a = m a v a = (1.60 kg)(+ 0.250 m/s) = +0.400 kg.m/s 
p b = m b v b = (2.50 kg)(-0.500 m/s) = -1.25 kg.m/s 

iS'^JLSCJI ^ j^A\ Dj5s viiSiJ 
p = Pa + Pb = + 0.400 kg.m/s + (-1.25 kg. m/s) 

= - 0.850 kg.m/s 

* " ■* 

*Uj) Jl3 lBj A jjjUaiJl { J^' ^y cs4 {j* 2i?L^ c-d’’^ii jUaiii m 5JbS3l jj$o' 

.'AjLiaJ! AdkP 

m = m a + m b = 1.60 kg + 2.50 kg = 4.10 kg 
3 aJ\ y34 a5^*V ^ap^* 3l ^UdJ Lp^ 

*s % . 

LjL-vw« A-jl_^jJl ap^JI ^IaJl cdAJdi .3^ ^dlaygl j-A ^iJLkyg^l oV c yU.^^l 2 : L& 



bJjl bll tljj Jl :JjSM 4 -AJi 


:m 4 JW^ *L^Jl ^Jp ^ j~jla p * 5 " j^\ 4 ~*^J 
v = p//w — (—0.850 kg. m/s)/ (4.10 kg) 

~ - 0.207 m/s 

.m/s 0.207 4Pc-J y^\ ^ljJav?VI Jju ii44--5"_J' tl)l iJlA j 

MJSo^LaIU 14^ (j\j ijj^a jUjU 


lJj!lLL 15 j ot)L*34 o3>-jJl ^jywaJ jVI ( J^>- (_£4<JjVl .4*jkil J-J ^5"5 ^j-*l iili* 

Jl l p}> kg 4.10 kg.m/s 0.850 4^1* .:>UpVb" olJb- jh .v^»y 

jl d-L*- dlil .(m/s) 4*jl^^ Jl li^Jd 45 !wJ| ^ ^1 ^PjJLSsJl jl^aipl 

Li 5-jL^Ji 45%wJl 3 oLi>-j3l jl ^jA -X5"lill JLJIjj cL^JLp $ycl ^y>- J>Sfl 4 oLL 3-I 3 
tl a*- l* I y\ *)L* jl p!*i^ 4(2-8) ^Jt-^i] 4Jl^Jl 4*wJl j (kg.m) jj> - ^\j* jL5" L Jp JiJj hJL*a>- 


,4P j~*J I £^ljcj 4 Lj]aJ jl 4P j *Jl olJb-j ^ JL* — ^ 1 jpjL5" jS/ 

* 

4 bl_C 4^xx?i^? 4*pU-iJl oL ^ jt ^ 4 _*>4^>lJL*P l)1 43 jju jl *- —^7 ^jJl j **^/l 

.^^•1 Lp\jcJ!» L«jb 4^t*uJl J.4JL5Jl5" 4 4^3l~j O^*L.^lxj 4 4P^**Jl P Ijcj ^jl 45"^ji-l 4< »5" 4^5" 

If <! 

V .( ( -jJ j'^ 4 ) L J^ (f 1 U-i) 45"ykl 4*3" L*li 4(2-8) 431—il Lui 

jl 1 jajl l3J: .^pLfcj< jlJJL* ^jA ^»JL> jIJjL* ^^1 4^3-^ j!wLa> ^1 ^pLfcj< jl jJL* 

^JaiJl j- 3 l Jjfc ^Jj>iJ ^1 bl £*y —jj 

3 c^jJi 4 ^Lv?Ij^) l ^ ^JSCiJl IJLa Jp ^ yc3 jl .( 4 -Jlvaiil) ^pL*-3l 4_^»jl (^JLJl) 

rI^1 4^1-^sJl IJLa ^ja yup 4-^Ul ^1 JLP 44i3 4. ^3 1) 43jjL* p-^Liil oJlA jr^ ^ bj .4j^ibil (3 yufih I 

• 3jS/l ( J-^a3l ^—*31 3 -^^l 



(3-8) ii— 

jUaiJl .(2 — 8 ) 4 JLJ 4 I 3 35" u*^ljpl 45 ^>r (Jj-ulj^S" ^ 4ij5L* 4-xJ jJL>3 4 jI jlil 

L^p j kg 1.00 4 ^ 5 " 5 jUaiil .m/s 0.250 bj kg 2.00 c—L3" ^4 

451 v d J*j»\ Jbu eJr^ll jlkiil flWj 4 P^» ^ U .m/s 0.500 <p^—> 

. 4I^*->» ^0a3 


w (3-8) 

.4_JL- 4^yiJl ol4lJ 4_^r jA 3yjl dl4l jl Jyj6 UPi . Jl^ll ^Jp /W fa J W & JJjUaiJl ^5" ^ 

4 V a = +0.250 m/s 4 m h = 1.00 kgj 4 m a = 2.00 kg jl Uj .y b j v a 4 p^-Jl 4 ^! jpjj Lp^ 

Jl yll 45 " yLl b^5" j _Jj ,v b = -0.500 m/s j 

Pa = w a v a “ (2 00 kg) (+0.250 m/s) = +0.500 kg. m/s 
p b = w b v b = (1.00 kg) (-0.500 m/s) = -0.500 kg. m/s 



^j ciiiku j cj^Ji j <ar>i : j^sii j^i 

aS" yL| ^*53 t ,'M 

p = p a + p b = + 0.500 kg. m/s + (-0.500 kg. m/s) 

= 0 kg. m/s 

Ij^o ^ c5 jlkiJij ^ jlkaJl ^15" ^ m ^il jUxaJl AjbS" 01 

m = m & + m h = 2.00 kg + 1.00 kg - 3.00 kg 
\m aA+^1 aL51)I p <a y~ju* p aJ£Ji sjf ji-\ \jS iS jl —j v Jl 

v = p/m = (0 kg. m/s)/(3.00 kg) 

= Om/s 

AjUJI J$ OJLli jJLj Ji . j aJL>- J§ f l^Ua^Vl Jbu <—*5**^11 jl—U aJI 01 ^—*j l.\ ftj 

?Lgi5^ c— a 3 yji ?^ljJa^Vl Jl>o Iyu*? Oy^J 01 aS^^- 1 cOl5^ lil .^L>cu*w,* 

Jju OJLiiTj fUL^fl JJ yL^ flfeJl lli U&l aT> 1 A^S" 01 yA Jlj^Jl Ul_A Lp vlj-Jrl 01 

y>-l 5y» 2LiUl oV^Uil ^ ^iajl .^pL*- 0 jlJUL. aS^ ykl 4-*^" 01 £ 

Pa = w a v a = (2.00 kg)(+0.250 m/s) = +0.500 kg.m/s 
p b = w b v b = (1.00 kg)(-0.500 m/s) = -0.500 kg.m/s 

^gplttjQl ^j^k^rl A5*yjiJlj ,®L^Vl J§ OLl— 5"*y^jj OIijjL— i* aS"* j^-1 ^^-*>5"* ^JLyl^ 01 

«# 

.1 yO? c£jt—i ^1+la-^Nl J-5 


JjoJI 

^A Ipy^i ^S^\l Aii*S/l . 3il—i y—J>r ^yLp 3yi yjjJaj y ft g.lj y. .all <J$ .J «^jl 

^J-*-rJ 1 a^j^S"" 0} .A^iUM aji L y 5 "\*j ajl Oljjl ) djj-^Jl <JL:_^Jl o>li 

j 

<7 Ail —1 F L^L jl? oji j~hJ j!>U- yy w j^A\ 
w = Fq 

.(kg.m 2 /s 2 ) £jjA AJlillj 1 jLT {J\£j yAj c J-jiU 2L^LiJl ^Jl yft (N.m) s*-J>yj 

j^a 

■ 01 ^«p1 -*-O 0 li— 5 ^ 4 >-lj^lj SydJl — ovi LkS^j — oS/ l>Lf aL« 15 ^ c.~—J aa>L-J1 ll 01 

J A>-ljVlj ®yiJl A^-il OS/ aJIJ- 1 Gii-A J5 la..»> ^y*Vl CJa^-1 oi- 5 ^ 

c^l ^aJI ^1^- c 5 -iJl <—-»lyJrl ;ll ^^0^1 01 AjLg-Jl J 5 ^ fva «> .^^^1 jt 4 l A^-jij flp 

^(^ 5 *^** A^S " 


w = F*q 



iJLiiJl tbjsiJl : JjV' oUl 


ol4l yj ^U 1j-UL» 4^-lj^fl qj dl^l tlr* \j*XjL» djiil £^1*0 F 0^ o~*—>- 

JU1U_j ^ 3 t(*) U^ A^aj^Jl ^*j Ja>-^/ .L^**«jjj LOU q^j F o->La 1^-1 .^Ji5^ 

.kg.m 2 /s 2 J UT jUlpSII jt olJb*jJl jt _p~JJ gpUll ^JLil ^ yi I ^ UoSO (/ UJl v ^ 


^Jp Jj li%jJU <_->j-s ^ 9 aI?Lvm^j LOxj: c<u*oaj oL*t^/L 4s*xjJ 5 y^3 <L>-lj*^i 4 » 01 01 L_LU? 

* *, * 

.tplx^ J ^^JL- jl-UL* J*jJl Ob last ,y%A\ J<w*U 4^jP^yaJl 4?rwlil 


?*** & J 

Jfr->»^1 4ijJaJl 01 . JLpbJJ ^jS\ ju> JSlij Jp^U kg 1 .0 4ikT U~**r Lxij Ul J*_£ 

. ( Ja 1 C. JJ-l^j cOlL^^p-'bll 4-ChAp o^5C*Ji 01 j -il) . JJ-J ®^^*ll 4P^*j^- ^IJ^xI^aiI 0A3^ li 

.d.i.X^ 43U**1 q$X£- t> y jJaJ 01 . Ja^^J gOOj^ ijj-l t^y3jS/l ^Jp c-AAj OJ. >1 j —131 

<> 

4JL*- oJLplji ji 01 OjLSlc .4~Jj al4^L OJbJb l$J ily£ ^1 AjaiJl j o-lj^lj 5jill a* _01 j 

j*—Jrl £ J f j^Ul J-qjJI 4-^i" j Jy c^f Jl LLp 0 JJ 3 jJ j t J->JJ olio *L— it 1—jUi j 

.pOU^ dl^lj JJ4 JLOJ diil ^ jjcij s-LO^l 4l?Lw JU JaiL£ Up 3 OJJjJ i4j^*» 431 i 

J^- -((4-8) J^iJl) 4j>r«jj F ^31^1* c>y ^ Uo«j ^ t- 1 ^j p ^JjUai^U wLOJi o^3 J 

4j jljgl.1 d^oll Ul ^1-4 OLio ^Jl d^jill j1jlL« y& L« .(j 43U*jk. ^1 ol*x^ jlo— &£. ^ 1 p^U , j^l 

^jU*J ^IjcOj tYi |*-M-cirl 4iiS^ ^yp Fg 4-j^Ukl t y 01 .4JU^Jl 4<jiL?r o y S^Lni 

ly j-JaJ tj^Jrl £3^) .Ji^-*>U 5jOL- 4^xi>j m/s 2 9.8 U» ^ ^ a g —s OJ .a g u—puM 

lyy 4*u5j F = /wa = (9.8 m/s 2 )(1.0 kg) = 9.8 kg.m/s 2 = 9.8 N UjlJJu 


(4“8) AjLy^ 

L* .m 1.5 43 Uas 1 p-s-cUl c-*3j oJjl y .(4-8) jJSloJl USjLw^ ^j^oll JUll jUip^/U wUpU 

^^?s«-kll ^)-«jtll y& 


(4-8) Ja. 

m = 1.0 kg 4U£l! ^^ 4^1pS/ 1 dL^U Jrl JaJ Silail F 5j—SJl <^jL -—j 

4*dJ a g = 9.8 m/s 2 oSU-l 
F = /wa g = (1.0 kg)(9.8 m/s 2 ) = 9.8 kg*m/s 2 
s- 9 ^Oall Jl <s jl—o w J^l JUIj j cJLp^O q = 1.5 m ^iUJ. 5 yS\ jJhJ ^^ 

! I^jJuJL? ^ y> 41?L^mj Ui^jt c4aaosJ aL^rNU OLgj^o qj F 01 Ur. .F*q 
w = Fq = (9.8 kg.m/s 2 ) (1.5 m) 

= 14.7 kg*m 2 /s 2 

. Oyl^ uy*- 3 ji dljajt* J>- 0]1 oULj O'i 15 kg*m 2 /s 2 OjjjJSj yJ\ dJ-ta yS <~~£: 



APtku^lj clStiaJlj A-*T ; j*UJl 


^yip L4 J^jdS c)| ^Kwjit 4 A^dJ^P ^ jA A*J Lijtj £J jA jlA — ^1 J& jJuS^ C «JL>- jjl 0 Jl> j-LJ 

. j aJ y*j ~3 i (jjJri jJ\ aJii -L>r^j iJsL^i y-—3~ -\je-L*j a5 y*~iy — 1 

3 a-*LA y& . k jAi J 15 d~<» ♦ (4 8) ilt—3 J\j 

JL>-1 3 jil^ljJb C*^JUj bj W*lJ 0»l J>» j^£l> <—.oLijj^J^lj t*btsAjj-ift 

, (J jA^~\ OtAyA 


ttUI 



yp dilp byu 4ii ct^JL?xl> . AjlJaJl yP l1-Jj y^ o Jl*j ASlJaJl ~L*-1y— 

jls ^Jyy 0-^>fj LC.j .^ii*-Jail jUilj t A/oj> « i~d l y* A>UaJl 

.dJbP* 1 y5*"b JiLj IjyS' Aj jl>- i j£z Ail fyL N Ajts "j J-Lj ?aJ AiUail yjt .4-«L*t (JL— *^rj 

J-JIT tfUJl yli; lgr j£jb V->^ ^ ^ 4<<iUJL. ^ V) jbi\ Aj cJkit bj c 4> XJj 

, "J-*jJIj fUil Jp djJuJ| M yfc 4ilUll vJujIaj Jb*-1 44 -LaJ-I (j . Jji-b 

iiitilt AiUaA 

aJLp yljaf tq *itwi m aiLS" p.^>r Jlip .(4-8) 3 W>jii aJbJJ <yy-f *y j—laJl 

.-kjjL**Jb ^ cl—J tlJjf yi L* ^J-s£ . F 

p—AA <jt yyi\ A-blirl J-A>~ (j i-bjb 11 .ftl = 5 kg Oi ^y> 

«-r>Aili -kiw A^_yJ y^ JL> _^]a!l _yv>- C-Aij ^iaJl c-J 

* 

tA-J5 >j^/I pUoP t jl ^JU<a*** Ajli A^yj tm 2 Ajt—i. AUij IS1 Oi.^ > -j 0^3 

t JaJL*u a^ yj on 4 e-> jJaJl ycv>- C-^ij . A-^aJ c^ ^Jall Jij 

<-j‘ , y (_) 5 0—LJl> A■» ^ 6 « t 1 > |^wOr .kljLb^l ^A> U)a *, d l -A ■ P 

ct-> jA>- (_5 ii-i-Ji L--. .«*« ^ (ji 

^P-b .^J-^ju L5^ AjJLaJI djljap| (J,^ - j—^ liL__A 

F l^pbt^ aL j!biy Lii> bi . wi J^Ji ^ ^iSLli ^jJLu a^tSOi ailUii . i^isOi <—*UJl 

AiljflJl (,q L^pbci* aL yb oLi ^—.Jri ^*AP ^3j <+£3 ^a-^djS/1 4-bl**JJ ^j^\aa ^ *■ 

Aa, N dib UJLP Al*l^ 

^a j) (_) Al>l5cJl Ailkii JL>tjJ y^s-C c yii b-JL.tli L*5^ aSUaJt h^.-.T (3 jjL« jcmAj aJ| 

aiijaJl .ijLJl AjjlU.C j b^ibl 3 bdjf Ai4lS3l aiUail d>*JJ .Aaij ^ jj jy»- Jjyj 

oAa 3 L^-^Ssj ^-J .^jjij-ki -^yjj 4 ^» .; la li jbJij ^ 3 —*■ aj— 

. ju eft Jj> ;> jatja ifS 0 J .(4-8) 3 ^SLiiSLli JlsU 3 ^ 



4jJLLaJ) 


(5-8) <L*a 

an 3.000 AiL~i ckg 5.004 ^J?\ aJL 5" cJlS" lil .(4-8) j£-SJl Ji aJ^ j —* 
jt dJL^. a g = 9.8067 m/s 2 JLoULl ^jl-J aL; uJ> of ajIWI 

. Ja>- ^1 p JS" (jS/ lift 

(5’8) J* 

<LolA-l (3 kg 5.004 AlilS"' ^jjJ lM C^jl 



joaJU tA^.1 jVI 

AAjJauftll i Jill aJUJI -aAW^ AiL^ftl oj3 ^jc- JpJL&il t(4~8) t)3Luil 

-jjiajSfl AjjjIa. (JSjjIj 


F = ma s = (5.004 kg)(9.8067 m/s 2 ) = 49.0727268 N 

! Aj>- 1J *^j L> sy>}\ ^*3 iiljajl 

Ep = Fq = (49.0727268 N)(3.000 m) = 147.2181804 J 






.oLfc ^lijl 5 jujI ob iij oliL* oS/ i*L* ^\ — %j\ a _ *jj\ b .a L_* j__i)a>« 


.£ p = 147. 25 cLUJU 


*iUall 

AiiLb i(4—8) ^ <3 01 j *i*J 

ljj«p OjjjJ- dJJ^ (S^}i Jp (*-“■t ( J-J-i bilil jJ vb»JL>**^ liL* .£p 

(K * 

JiljJlj .^IJaJjVI .UP i^J iljili .^liujMI -Up j*—__3iJJ jt <_^S^ _^ 

*> t-Cjj tijjl<3Ji j-PJ tijljlfc) :^£^-J JlSOl (jl L$JL*l5o t£j^Jl iL^lSvJl J*—3rl A >0? 

, 4—cUaP 0jL*JJ djJljaJl ^Jo dll 4^rjL>- 

SiUail .iJajL- k J * . /i ll 3 fi bl« (j^J^^? j%-— 1 ^-1 ^l)aJjl ( J-—* a —IbbL j — 

i>Uall aJU J5" $xLm y^ll i>l£Jl AiUaU AjjL-^» 4ja>JJl aJl* j l^JLc ^il i-T^-^4 

ijTiiUaJi .^Oajjl aJli» jj J j>*Sj jf i_S^ j^~\ 

E k = Fq = ma^q = 9.8 mq 

ibS” /w t(-UjJuJl iiL~> JULj) t$Jl j*— mJ^I ^ij f ^Jl iiL~ll g j iiijail lj ijl 0] <J^—>- 

uy^*j lJ> 1 tm/s 2 9.8 c£jL~o d l5 1p o g <^p ^ o-l>^ ^ .5^»iL=L-i ^jL~; a g j <p——A-t 

.^U 

m U» ^Jlj tf"^U^rSU ^ jo-jdLI ^-t 4i^ llbjh 
E k = mv 1 /! 

tip^Li>.:^l .1 j*i>L* ^\iaJj)l\ ip j+* v 0J 

.<155j5 i>-L>- V j_lp ipj~Jl <—jL^J- ^L-Jl jil <j j ^ 

iil^jl— AS>j^A\ f^-*** 1 A* : .s> tl)] .(4-8) <Jblt (J 4j>^.>all ( i| y A J j^-1 iiLjflU iiw? L_jJL) 

j^l ^ ^ tilL5^ <3^ l^iwajl ^ 

mj iil^JLJ (/w Jjb* JCX^ J^-) 7W tjij^ tlLil .lift ^ jy\ 4ix»-!>L« jfl 

. J*aj V L^ij JaJi^ jl V iJ_^-Jl ^ja .jL>^Ll (m jqp- j**# <-* j>-} 

(6~s) 

.m 4.0 iiL-i gjj 01j c m= 1.0 kg ^ A-l 0^ J?J*\ .(4—8) Jl iJU jp 

. i>-^jl/diijW Liij 4>lJajji J-3 L* 2jaJ- (j L^jlLj i-S^ ji -1 iil]aj| ^Jj>- 

.i^j^U-i ^jb-j i^J ta g i«-i^ m/s 2 9.8 

(6-8) J* 

:JJJiJ .a g = 9.8 m/s 2 j tm = 1.0 kg 0) (F = m 2 i g q ii*^ai3 Uij ^LJ-1 



4jJ.ia - .it jUjjiit >-AJl 


E k = 1.0 kg x 9.8 m/s 2 x 4.0 m 
= 39.2 kg*m 2 /s 2 = 39.2 J 

•E k — 39 J jjjjdlj Ey i»J l-j Jj i_~£ JbSl/j ‘Ov*^ uy-*y U J^Jli *^J JS"" c - .lapt 

(7-8) <1m« 

oUaJjl JJ U ijaJ- J p—aJ! iSji~\ AiUaJl Jj>- ,(6~8) 5jt Lt J jj_,!! JU U J 

t^.^aj ot-L>-4«Jj c-jtj^-t Jl .a^jb *2lii jl y* y .it -aajj \p ^Ij^x 

.(6-8) <Jt~J.I J oJ>u~Al <i>ilT ULc 

(7-8) Ja. 

jJl f-lj^i Li-L i . olJbjjl (_)“^ ^■■-Lr-I aS"” y~ ap j** c^L*. ^ L. ft 4 L ,L-I 

J» »» 

.*>Li5 JjT <u5kJj L*v> Jojo ilUS twiia^jJ .c->lyti aJLp JJ aL^- 

jl £jLJI y jZ'Sj.l* y L A . \ Lgiyti—J ^il oJdl ^jl Lp:> 

C[ ^ aV g 

^jL*jJL 3- aV g Jl-Ll~*l La ♦ ( ^LaAl L' jjl /j cJxo-^i! ^jL^xll & aV gJ jV' *7 ^i 

AjLL*JI Aa ; „,^Jl AjJtIjc* LI LlSv-C .(A^ja^jjl A^Aj L*jL AjS/) .j-jLj ^ L oLM ^jL- ; dSl 3.^ 

:^J» J-U 

/ = (2?/a g ) I/2 

= [(2 x 4.0 m)/(9.8 m/s 2 )] 14 
= (8.0 m x 0.102 s 2 /m)’ /2 

c-4 jjLjC. Lj y> JLftJ "?S 2 /m ^Jo- J\ OjI ^1 y ?a g ^jL*d\j JxiJ LI-* . J j — £> J — 5 \ j — lail 

L^_*p jjjtill yr <u*r c-4jJLi.* L*jlp . \ ^^jLi a g ^Lp JjUj ^Llj t£tg a^n^JI 

O^l £jLJj .S 2 /m dJL>-jJl O-jt La < j- 4 J *Laj^ dJL>-^jl ty jLaa ^JoC^j jt ujfi Aj'b/'Jj 

/ = (8.0 m x 0.102 s 2 /m)' /2 
= 0.816 m*s 2 /m)^ 

= (0.816 s 2 )* = 0.9033 s 

oN y^i\J ^iJLp^lS" jjl jUa^-t .4iL»Ji aJI y-')!\ £ ^ill jL/a:->»l ^j—>- 

Jbjil frlLL p 4j^ s 0.9033 A^oJl jjJU N Lp^ jup (1 ^juJI) 5d>-j 

.C->LL*J-I y 

t ^y jjl^ tflf ^jL*Jij c Vj nst a*j^I AP ^*Jl ^j\J Aj^^LJl aj^LJ l ^j^.gjl ^y 0^1 j—^> >-L 

* \ Q^jIj (J-VaX. ^ jL«*Jj 

V inst=^ 



j j iJUiJtj ji-\ LS ^lill Jl^ooJi 


:/j a g li-< ^ . 35 1 3.g ^ Vila LlllSot 

v inst = (9.8 m/s 2 ) (0.9033 s) 

= 8.85234 m/s 

<3 d^-A jjJjLk^ .tolJpl (3 ^V*jf {J^ *■'’**“ A4*jL>- (J^>" JjJlOj 

0^1 |JL*j J J aJV-^ 7^ Aa«^ jJJ3j dj-uLJ <-*■£: j>-\ 3 J>r\ J ±A3 J^rjJ 

dA-SJJ .m- 1.0 kgj = 8.85234 m/s ol 
4 = mv^/2 

= (1.0 kg) (8.85234 m/s) 2 /2 
= (78.3639 kg*m 2 /s 2 )/2 
= 39.18195 kg»m 2 /s 2 

i_-iji' ‘Oy'-* Oy^j <31 ><- c_£ ul U.j ,(J) JjJri 4-i; y—* kg*m 2 /s 2 5^*-—Ji 01 

if 

3JL^ (J L>5^ L*U? lfr..*Ai jibj A^~Ai <^j1 j£r\ ^-Jajv viJ-l3j .39 3i A-J^JjJl Aa- -ill 

.(6-8) aJLw-Ai j 

Jjij A-S^Aiijail JbJL>ill (6-8) Ait—3l (3 jil AjLU. jL _iLl lj—jjJ 

ijf yS (7-8) aJ^—A i 3] Ll**o4j1 [jjj?r- j-il ,(4—8) 3^"^ <3 jLy*»—11 

!fjl A***? U3 4^-Jt ^ja ^J Ail . 

AaILImiVI 

0 

c LJx^lSC^ .^>-T J] AiUaJl 3d y£- jl ii^V^i^l JJjl> ^A g\jj .ail c 3V;—^ (3 Apljai 

©Jjt £>l*iJl t(J/s) ^VtiVj 3AP-Uaw'^VJ A*^Liil <5Jj>-^Jl . 3-^-3^ jV^rj 3^ ^A ApUal^V' 

3^*i (jU^S/1 ju (3 jV^o ,A-^ykl 4jUail £A Lj j2j UJb AplJal^VI ^jil. (W) <Sj/jJ/ jA dJL>* j—J* 

.APUai^VV A^l53l AiliaJl Jij£ 


4^Uau<iV1 

AiUflJl ftJwft 3^JJ C A^i j AiP Al^lS^ A3 LL? 3rl <_■ ^.2^3 t(4” 8 ) 3^**^^ t3 Aj>w3 ^Jll aJLi <^/l ^3 

tj>^Sn jLstfcAiVi jy*i .(i?jA-JL a! - IaJ) Jrl Jaji**. JLLP “kSf- Aili? 3l AJL*^}* 

l3_A j ApUalxw'yi O ^- 4 ^jjl .Aa3j j£- ^* j >xJJ Sityall A-5^ j ^-1 Alliajl 4 jLA 4 L[l)a-iJl LCjj / 2 ^ 1 h 

.liJJi (5-8) 3SoJl .ApUal^^l 1 -Va J (^jLaaL? JiJLiJ 

-3^ > 3i Li^»V^Jl 3 p—3rl ^3 A*ilj 43 *^ lji~ 1 Aol$-Jl ^4 Ail ^jjt 

131 ■ ( j^jSfl ^jP ^LfljjNV ^**3rl IJLj t(ojjjJLll 3^ 1 -A>tl «-1 j() Aa^I^I j 3 jjjJilj Ijlj L«JU—4 



<bJLJUk]l «.b: JjSM 


IajjJ 6 I 0 jSsj jl ^bJbj .JULjl* d ^l)aj (^jj^baJl ^ 0 c^)L-aj ^ 

. <_AA*.*Jlj 6^Sv-Jl AjL^ L5 ^jJ V Lpjj . J-J-l 4~ij y«S/l jJlu 



j£ulb tA^IJ^I 

. A Lioll ^LuaVI Sj£jj (jL<aj »<C»t liba^U ^stJuJaji JllLa :(5“8) 


liiilil ^jAj UpJ 

Oir lil 4iUp 44 a>I jJl ^Iji jjj-U .j*—drl <>U? 

*9 

iAj^IJ all AiLjJ ^-jb! £Jj c_3Jj 6 Ajtil^)l Sjb^j Aj^IJ ail 6jiJl lj —$LJl 

AjUail J~Lic* .jP jj-xJl /j5vJT. .Axil^Ji b£ jJ*X7 ^1 3AP //* ciiJi 

jl jJJ 4P^ <bbjj A^l$l*Jj 4PlioI^V' 3bjJ .Apljal--^ Jjmi' IJlA J^LiuJ O'jJb AjtiijJl £jjj> J jJui 
U i" tAxilj Ai^lL* AP^>rl c/^* Uj^ ibjl baJLS^ aL^JI jJ Axjl^ II 

£SJij aJuA^J aJti djbivs> 4pUal~*l tb^laj .^*-Jbl jJ Aj^ liall APlJa^_C-Otajl 

.km 100 y km ljt tm 100 Ail~i aL£JI 





iiilUJij ji-\ L^S :^\ih 


4*il J)\ Jj^f y> j31j .-kic V < J-^1 ofj 3 j3101 u^j ^ 

j \J ^jVJl t jA^\j (3 y^3 >A^rl 3 JV*aj A^lfi+A] <p|Jai~»Vl oi .oL oiipj— i 

1S1 i4j\jJl> P ^ptjaz—VI QsJfl" /j oljJb Aplial^Vl P Oj 15^ 1SJ Jrl ^Ji 2u^l^Jl oljaJl 

: aJJ> U>J Ep p—Jrl J-i 4.._ifCll Sj^l^Jl <iljaJl ( J^C 




j£-iJl ^ya:) Ol^o]\ o-U 4^b5" o^lpj g^Lcj 

P = E p /t 

^Lil>j .q ^ol^l aJL^JI ^1 (_^y —-j 4—iljail 01 ^—L*j 

aJUI 5juv^ 1 Jv^>- 4 j^ 3j-^W* <—■>!—>- 

/> = 9.8067 rn^/f 

(8-8) &«• 

^ L. .s 7.00 «jlJi. t) m 2.50 £_Lij"jV kg 200 ■dtf' f~~»r <jj* * —i> J^j —»• 

.m/S 2 9.8 ijiUrl J >s*1 ?3^$il 4 Jl» jb4“^ l;_ji]ail ipUii^l 

(8-8) J* 

!^ry*L^ j-LlJlj ^jV. J1 ; j£> 44 jL_JI 4.^,,iflil L...| | j»I 

P = 9.8 x 200 x 2.50/7.00 
= 700 W 

^t-Lft dUi j&?*01 {_ a i y^Mj LJb^l -1$ LlIaj ^y^-* • 700 <Jj—^ _£ 

iSJ**i\ Ui >JI L yi^J .W 10 2 x 7.0 j£jJl ^Jujl *,b£, ci>ft <j^l ,/^Jb; 

Jb^y .W 1.000 ^jL-o ^JUlj.toljjLSaj kW yj ^ ckW 0.70 JSLiJl Jr 
y julj W 700 ” go* 700 W ± 5 W J^iJt ^ ^1 a,LT 
lJy ^ ia« > J-^ -Ai '(Oy*^ Ov*-*_/# J AiJil (_^JL> 4jj) ,"W 5 

01 jj-a fl-U 4-lp J-^ tl>t L^iJl U? jll JL>. ±>rji . W 700 Akl-^J 

. 0 t i.-. d tf 

. k3» ^UjVl Lu—Jj 1-^j-^ i5 _JLSvJV l jLjtil ^1 jJI (8-8) aJ^—A1 <3 ^ ^1 J^>-VL., .*« 

£A 4-ftilJill jjl yjL>«_L^l OjjS\lA Of 13 y 1S1 wiljb ^Liil 1' : lc 1 

t(4-jL ty jfi'jis’ t^i>) 4-*^L-Vi si oLi»-j 3iiJ-i dJjb ^ ^jLSfci —j jj£- .4<..,^ii (jL^ 3 ^^*>111 ^->»•; 

3 J-^> kjf pJLju 



SiO-Usll tbj-flll uAJt 


AojUj^SII AfrUaluiVI 

viJJj j iLaiJl £J *j>i\Ji\ ji jJLiJ JjJLil (wjcdl jji.J Jj 

0 r-Li /y* 4 Jl>- ^ip Jj Jaii C^jU:-il jl_? 4 ^ 

c* 

.(8-8) jj L*5^ Lj^ jsL) L4L*^>- j^l (> _5^ t® <JL Jl 

0 r-W^* f • (6-8) (J j> J-* L<k5^ <uil^jlj ii"*- J 

100 -ii j^-\ jl tjp ^'Uai^'i/i ^Li ^ 4i) j>Mj Aj-laJl ijy Oy c->lj 

® * 1 a jl ,lil^I>-^|l 4JTJLP oj(j JaliT ^ jl ^ip 4 ^^ c£ j>"SH oLj>l^li^l ^ 44 jdb 

cialC ^^aJLM J-J-l j kJLjLi* I 0 ^s-JLi JL>r Jj .^LiLM ^1 l*Jl (j 0.5j>rj> j^P ol jsljl*^l 

3 JoijJl ^LX* oj. 1 y jjS^i** . J,liii ii j £-1 ^ Jil ^A,a^ -\ lij — 3j2j —<• j 

(8-8) ( JSCjJl j3 Jaja^Jkl L>Ju>fci^.l lil <lAp (^iJl J*j^Jl ( j—* ji—S^l (6—8) _il 

.4PUal~^l 



. jaflj ^lii-y ^ijl 4*ilj]l ajlaftl lAj^ a ^]-wV.'l ojc. o jjALlo 4jj\j^£JI <C-UaajjjVI (JjAjS j)£-aJ i^6~8) j£-u*H 




j c4iOaJl j c J*a)1 j ciT>1 :ja\X !l J^aiJl 


jjj ja 

aJL~1I (J o^s* jiI 4j^sjJl f.1 UjIj (6-8) <j bl —^—*\ u^j—^ 

4-U^Ij ^UaJl J* 4 JUM o~L& (j b^-C .W 800 ol^Jl ^LJU ^ j Jj .(8-8) 

Uyo .(W 800) 3L.U1I J^oJ! APik^l (W 700) U*iJl v-£j\£AI telk:_ y\ _Ab 

jll jjSL, JbJl iP 0M UxiJl P in J^jjt iplk^-l 

Eff=PJP in 

4« ; .,/att t % Eff 4(4jj 1» {£jilt ijijit u->U-^ O-f-j 'it 


Eff v = \WPJP m 


(9-8) U**4 

L* .W 800 ^t^ilt j^i^t tit .(6 8) ^J^bJtj (8-8) a 3L ^J. t J§ jit jjjb**-Jt jLip^Ij .!>■ 

?c£ jdt Jjijil y> 


(9-8) J* 

* 

\ U)L- OwLaII il 

Eff % =mpjp ia 
Eff % = 100 x 700/800 
= 87.5 tflil 

Ujup jyJ ji (8-8 ) aJL-AI J 001 oojlj Ljt'j jol c~ pj lil 

.4jliL 88 J»i ji' j 


J*JA jUldl 



4jjLcv ^ Ijk L? jp I 0*X*^r 4^cdjj! 0^^^ . ^ ^XiP 1 ^^ ^y ajJl -X P 

.^iSOl 4,1* (j OijPr4 j j^t-^|i ji Lklp (ji?wJ 

oUt^j cm/s 30 4Pj—^ ^4 SjL~Jl £>0 *UjI A J$ jyu/s o^U>- OaJIp- 4jl j— .1 
JS" jjj .cm/s 40 ol4b ii j>*^j jlSL* ^ c^j B ojUJl cJl5" 

A^r 5T>i of /'Ju- ? r iok^^i jj fiku ajKji 4r>i v-r ^ u t kg 1,000 ovjUj 

. olwL?-jJJ l.Qj 1 ArfJjf ,4 aPL^0 


.^^1 JU^JI ol4L> tkg*m/s 700 (a) 
.^ycll JUoJt aUlj tkg*m/s 100 (b) 
•d>j^\ aUl tkg # m/s 500 (c) 





iiJLiilt :JjVt oUl 


Ijjb l Js- ijU-^U ijlS' ol»jLw Jjtjj V (d) 

i_j j^> Jv»U- £»jlJI 

.i*LA\j (a) 


jL-Jlj tibSOlj (b) 

.ip^1 ^Uo .j t ibS3l j c^jjl (c) 

.iPj-Jl (d) 

Si-T J-\ *aUs L» .m/s 10.0 ipj—o u-LM ^ jJj— *i kg 82.0 <d^ U-ji< 01 Joyi\ 

•J 820 (a) 

•J 410 (b) 

.J 10 4 x 8.20 (c) 

•J 10 3 x 4.10 (d) 


.2 


.3 


^ U .m/s 2 6.000 £ i} m 4.000 iid~i <_S>* kg 10.0 «bS" .4 

•sjJJJo j.UU oj^Jl J^JI 

.J 60.0 (a) 

.J 24.0 (b) 

•J 40.0 (c) 

•J 240 (d) 

i»>jjl Soil) ib£” bj j^> lil ,dlSb>-V' (CiP iid 5 yu, £« tjj*- *■>!,_/»-5 

j^yLp d■/? d-dl o .i f? ^L. ^1 4a » .. 3 t bjyO 5 ^ y? 

,aTjJ-i i_vS^ (a) 
.ip^r-Jl ^bui (b) 

•C*^ ( c > 

■is** ^ cr^ (d) 

>» 

j»ljja-s4»l JUP AjU jIi-4 J jaS"jJ-I a-^ 5*" AJO^jla] Uij .6 

.aS~^>- a^S (j\ j*UaJ< .uij N (a) 

.aS^^>> A-**S^ c£^ Vj OL^-Jrl -UjLj (b) 

.aS"j^- 1 oL«i^ Ajuil i£ (c) 

.a5" y^\ OA*-S*l y4 (d) 

Lg_L»l£u aJI y>r^|I (j oLa5\JI o!JL?-j 0jLi^i oLfL*J-l t\y>r I Jjlp .7 



4Plk^V»j j * J*nJl j :ja\x If 


.^IJLpS/^ A*^~ij <w^y£ (a) 

. ^J! /^vjr y (b) 

.If^J j£Lc V J&J oU^A u^ (c) 

.If^i jt t oU^A £*■ (d) 

jytS^j A**> L^v^/1 J-Sf AiP .8 

.£* j* 4jlihj (a) 

( b ) 

•(V/ £y ^“fAA^ (c) 

.£?^ AJlilb (d) 

(*U ,v»jUil aS"^ ^-Lj jl?tjj acjip 3j^ J kg 5,000 a±T .9 

fli ^ Ja>- jjij ^L»^J <w^jLa] 1 ii { ^-+£ ^y 10.00 oUtj liA*'*^ L>Ua-—ail 

?<w->jLaU ijA y* L* *olillj jZa 5.000 ap^ jLijl L j*&y .ii^sM s-Lil?L 

.kg # m/s 10 5 x 2.500 (a) 
.kg-m/s 10 4 x 2.500 (b) 
.kg # m/s 2.500 (c) 
.kg-m/s 10 4 x 6.250 (d) 

W j>c* c $y/ aS" yU v^” JU Jftlt aJ ^ ^ <A .10 

AP (a) 

( b ) 

A5"^>- dl4' (C) 

aIiT (d) 





0 J LA -11 UL41U3b 


d~LP «Al* L6y*JU*.A a!i 5^ ^gip cT^-? toU.w.w.>- ^glp d^y^fy* O^Lll 0^ ®0^ 

Jail/ ^1 jil jlj <.(j ypty ■>! ji! AiliS" y* yi"l :>! jil y2*j AiliS" jf 4 jLa>- ^<Ju5* .0jy 

rr s~*-a> ^ vV ^ c?*^ ^ »a 

w -t •'»;'••:-? *' “>«« • > ■• 

Sill! ol eluijl 0 jjja;[\ j^5L*JxJl ^^ijl . iw^/ £_^£ii// j;P ^ jA ii_^aj »ili( ij—*rj( £j>1—C 


//^j ji i. 


d AjJ y* yS' 


$ jSoaII CjIjjM 

- t A-c r-"-: 

aXA iJjJrt C^L^^r! o*i-A 0| . AP^-j jjJJ wbJ ^ \jju& CjL*.*., w> r y* C^ljjJl £u$*- 0yK£ 

Ijl?!- olwJrl 0^1 3 jaa^aj djlli jJ-J ,£yl* c-lOai yp ijLp I^JL*j*jt. <oLp S^lll 0y>J 

cue y) I L*ii 4 j>w?Ij yp aj^ y*^ L^LTy>- aj y* y>*^ y L$f V 0~ft£ 

d-L* 0ySsJ ^jl oUy^Jrl y» yjt^j jS’ f Oljjjl ^|>-b C-jlplyiH 0cysJy . 1$ ol*,y».., JM 

Axifi* jJ-I— LA>tj^e-Maii <w^«*jJlj y* jii Uliajlj OyJLll y* ty>p {^JA^a ll«-jij! jyu^j jj , C*>ljJL-Jl 

(%]! o!jiJl 0? y* {.L^SsJlj ^yiJl {.Up yi^- U .y?y*Jl y* >>Oj ^0 x, .,. , <ii 

£ £ ^ “5^ 1 i?-''1' f - r.’.'i^j-'-' T^ 1 ' "J., fr . 

ofj L j**P\ obj?r ^y* UJjjj 0jXi> oU, ^i rl oi-A ofj C^fAs^f olw?r ^ja LU* i)js£ i4 lyJU* 
y j£Lij jtup Ij yu^l ^a-jUL* aL^L*J1 01j AA^Laii ^jLpy'^i/i ^y* 


^Ijil aJ! yi J'>Lp y>* o^lil AjLaJ? Ju_ A ff.1_JUM gs;?,,,«.*4 

U-bl — Lg-^ij ‘>LL* ^yl>«jJl — oil! I^Ozaj yP lJj»r dJi-A <yl* .!£. t Q^t , *llj 

o-La ^1 jil o-Li L)j^sj aJ 1 oJJaII (^jLsjfcljl {.Iy>rl 0j^ ^y* ( J__j1jS/I 0yjLJ jiil Affc:. ti .oJUw^j 

.AO^ o U. ^ M > jl oX>j i?Lcf ^y* 0 Sa3 OjIS^ lij -kii aSwUj&{ oUS^ jLJl 



hJj&A\ : JjSn ^ \J\ 


4^yJl ^>- . Ila J L .fl. nj 4JiJi>- ^JL» y yUl IJLj j! ^Jjyb c* 5j ^_* 

j^vj c^jb* jj>r jj Ja y^L* ,f.ujjji y ^i t y — a js. s3i 

?^I>-IaJ| f-Lsiulll JUpI y~J J &\j 4 j y oypr I jyjai b*JLP yu^lj yw?l oL«*^ J.-> »: ^ 

<Uy~£ y&T V Wi yJi\ p-Jrl J* U <Jl>* L? ^ $ fl l l o^^aJI oJa 

JjSlI |»-y oU yA L* lil 4 f^J^rl (J,J jl£-»^fb jlS*" lil 4y£3j ^yA^a- ' } ci! 

? j A*& yLp *L*-^*«jiL» b* AilS^ ^oJn^S^ O^b* SjliS^ j j^S~* l^b*y ^jAyJ ******JjA 4)a fl) yA ^|a jAyirl 

^ y y> yA b* JS" LaJJaL* pJLtJ y Jj . jilil iJli pebbly <Jyi-l (wjlyjb-l J>b£| LlJLp y^i jJUJlI y*J 

.O^lil yP f.^y> 1 ^" ^ j*~* y^-*«^l y* ^ * iolll y P 4^1hJ 


j^UaJI 


L$JLaj fy-J' y£jy .o.iLJU 4 j jJJl 4 j^J aJl JjJ- 4 j h oilil £^y> j£. <U pj> y 41900 fL*)l ^y>- 

-Lal*j yucJl Jljj V y>-\ 4j Jaj {^\ y ( J- s a>I o^lil iiyJL- 4jjJlIl 4 j jJiJi ^yLJ .LL*_P £~*brl 

.l*Lc \sS£ jb OjAilHj aJj JijJ 'bfj j +1 *~a (bill jb 


^y*r tbfl>-'y .y+^LxJb AH>;l-ali (J A^L-^I iljil ry» Lflll^ Ip jj 92 {^bJutH }jj>- l\j. -S-l 

* 

^JL>tI^-b djJJl jJbyi ^15 . 0 j^I^a oJa k_JJbJ-j5^ N i r ! A-jl y>r\ Jljj ^ .LpbLtf* j-s^bjiii ry* Jbjil £*:«,& ~ 

A^pbw? ^vsbp ApU>,j2; SjJJl < ^I^Lr^C jL^^l j y2J»J <SjI& LJ^T 

.A-JtL*L> Li I l^JLP J jAj jl ySvX _b j ^Lp tAjuJaJl IaJI*4 y 


±jB jt^jC’ jA J^ajfr JS 

3 *>\jIa U*>LlS-I OJL>tj jl OjJlJl (J OUfljail j-illi ,L»ita Ajiilj^- Ajjjbj>xii j-olji 01 

^Lp \ ^ 

y y>r j <_ju*j J s**-?* .uJJi ^J cO-Uil (IL-^ 9 ) -Lw-5"Ij 4. - ^*0 

tU^Jljj cU*0>o y^Jj ^ (3 ^ <j ^ 

caJ O^J y cAijj y^c 'y jlp L^^ .yyUiJ' >'J Jai^!! J l—*li A^_jJ U 4 ^_JL.j 

Obj^llj Ui^Jy^J O^f 'JL»r Ajaili^- $\jil oJlA .Oj^il 3 jbjbal* b^j tAJ "k>xj\j y \j/ > ys'j 

. ^ I AAjljalil ob<k^«jL*l y* Ajail^ ^IJLpI y* 

OJl>»j jl AjjjJl AyJl 3 cjuiJaJl yOcLS y^JT AjuJaJl 3 ^y-Sl' Ajj>Sfl y* jy—^ J^-j —j 

.^lil U ^11 U..JJl j \jS li^l 



AjljiSvJl C^ba^Mjirl yA yS-y yA $!yjl j j .dlyJi yA AJJyA ^^3»J OjjJl (.J -?r jl 

* ^ 
AJj>x-j L)yJjf>il dJLLc y5vJj tbj jAj L^siJ aJL^JI ob j yyllj obyJyil .jjyLjJlj jyjyil b/j U >r 

,AJ>*-i j J yjJJ yj LlLj 4 A-jb 



cj U-—J-aaJ' 




ySt i y tO LflJjJy ^jjfl«< *■» > V k0« 1-^ “ >r 0 Jfc*——*& y ll 0[ 

SjbS'" . j>-~\ Oyjji tS^ Ifl*"*’ ^A Oyjy ^ tA*>fj> <2>w 

of yh t-LJjJl ^k»** J-aj -l-AS^ Oy^~Jl 2jb*- (J ^-1 Oyyy c^l Oy^-Jl 5—Jl>- ^ 

^>L5^ L....C Uf y> OJUij tUllp y* y>^ ^ j J*S/1 t<AjUai* oUyjy—!l 

ta^Jl <u \jJtiJl c —j 2lL 50\ j o^bjJl oJLa j./a^ apI^ju j *J ^y>r lil aIiS"* oLw :M 

sf 

. UL*-^/ tlXii ^Ur^. 

jJ ( j£jt 4Jl Nj tA*-oL> jjb ^iJi^^f A-ili"" 3JbS^ <J ~_Jy Lj^ Jj> 4y)l 0yjjJl 0j£o V Uj—-j 
yj . l3^U^ ^ 4jlJ^ ol!yJyyil . o^lil lp oi-i^ljjjlj <3 Oy^j 01 ap^**J1 <31.p ki->UyJyyJl y** 
y> OjrJtvs 4 a*JL» L4 JL>-lJ ^Jl ^JaJL> oL)yJyyJl y* 4 a*JL« jIJjl* j—>*(l 01 c—«jal—0 

lilllst 2j£ljJl <**a 31 OjI**i — CjljyLS^ l 0 Qt> £* 4»yy^ C-j1j yJjyJl 0y^J vO^.^T — j^wJl 

ojjt-iJi <3y»jSfi sJUaii ouyyyJi y ^y*a> lij ^oiii 3 

.0y*M 4 -s^Ls(?^J l 3 j*£- Aj ywail 


(ISJ 2 ^ 

oUjyJJ ^ ,oyjjJi l^k. ^J1 aJb^Jl JA cJuit jSLy ah -T j Jjf :.;'! S _k 

C ji~\ tLjajjJl I ^^a«J J^ 9 »JL« olJ yj^ i j L i‘ .oli yjjS\£ 

4 ^ 4 ^ 1 ~ *^ j} 4jl ^jtj ■ * 11^ IS j ^^ y>- f a^> ^ * JLj .tiJL3-iS^ <r<■ 01 i 

500.000 iL-oj ^Lw* tc-LOuil 3 jv**^ yj tOjyJ 0_^JL> tJ-iJj toUjyjJl < j„_4 
45 >Xaj OXjOi ^jULt.+ij yu o^yJ 250.000 30 —32) 15 »A *> 

■ lyi _y> OjyJ 125.000 

|1 *l>S| OLj} .olj-Ol <sy 3 0L»Jllp y J_^1 oJj* c.LaJ 1 oU^y-Jl ^]ai«J 

VaWQg Jiip < j-*j3l (J (^a-j 0^ Uiajf oUjyuJl .L^i yu L^" o^lll 0,ji3 oJli-iS^ 

ojlil jl-g-^ UJLpj t0jt-5sJl ^j^Jl jb^l OJOi 0-U~ lfrQa*.> ^ c^Ujyjjl ^y* y>«-^ 

.OjyuJl yA oJlA O-Olyi-1 4 JUJLJ joUl 01 .<^lil-l l^ 2 Lj^U>r j|o(j 4yLli.l 

JxuijSfl j«^U*A 


4j 1 .cl*»ljjy*> O^Lp Jk>-yj V ^ hal JL^lj Oyjy ^y* 4jly 0 t^jOr Jj J-iil U ... t^/1 j-*2^a31 

jl lJL>-ly UjyJ OI^^jI (j3 Oi > 'JJ fc ^^l Sly OJO-C JL3 .Oy^il 3 ^yr 1 ^ j ^ jl .,:*lt 

t\jyiS\ 3 Ijlyit oJLfc oyUaJl yf c-.olT OJ03 <2JUi <0^-? yjJ 1 ^ 



b jJJxA\ :jj*v oUl 


u^yjj ^j* viiic .fjJJ>\ y y oi b£bJi 

.L« 1 *La^ .Abba^Jl 0 wLft <J 5 SJljaJi ^]axjj t ^ «**»a^wJi ^^Jla Cj^ r y*si 

A-P^il 4 j jb’xiJj'yi OjJlil ( ^P bbajl <LijJ—Al ^Aj 4^/4-i//L*~l/y/ j 1 (^jjllf £L*Jj*)/Ij 5jLkJtll 0 Jla ^ P JJ 

.4-jijPrjjJLil aIjaU 

JJxll 

. * * 

aIjLoJL* C->b*j^I*Jl . (j^SJl UbC <LL»JU oiiJjjl (jjSsJ CAJj-bbl AjjJJl Ajj—jhll} \ _ A3j 

.Ait y j.^uJ t tiJJi t j./a:.w,ll Sf^l ob sXz- ^JiC ^JJlj cO 4 ^ ^~L*Jl • Lbaj' 

O-^jLiJl aJ^ pLfilt A*A>- l)-Aa4 ^Aj ti^uy/// ^A oUyj^ Aj^Lj t^iJJb*. (^*A . .Jt j*/3.„ , <wJ' 

Aj*])b AjI^j ciJLLc jvaiP (^1 C^^S^bc* ^oIJjjj^i Aj*)Lj ^^iJLilC. .jj -L5\Jl jf 

# 

dJULc .J^Ajc 4 Uiaji jjbj y oljyjjj 4 ju jl tilbr. c£-bH .^jJlJJI Oj^j ot ob yjy> 

jJLP ^lijl t^Lp ^J^JLo . aJL^ t Ajc^ ^jy>r J yS\ LtAiC.J tAjijj (j ob'jJjjj Al*w j^j 

tULp bji bJLP ciiiiT ^Ji j-vS>L Jtll l) J>J iJU .Lsiajl ob j^LjJl 3AP ^lijj COjA II o\ J - 1 (J olijJ Jj _ Jl 

-L*s>U^j C—JjU A* jLc.j .0 jj ^aA>*ill ^jiJi ^AjJ! oii ^ AiliS^ 

• L?^^- 4> C«)g>-VJ Li aL\j? An\ah 

o->iji j</a «p dl Cj^ y b* *< 1 j —5 

y 3 ^g>- clAJJ l» {j* ^jL*o La^ap 

a^- 1 ^ y&" Cj^^j ** J+&& (^] j< /a « p y^y^" ^_|^ T " ' , * > i • ®“L—— ^ •* 

JjU- aJLjJ! ^p jL« Jl»jI SJLkjJl b)Li cUJi ^y* ^.p i^^y (J>! t j^>r 

Jj(j p-iU-p^ 0 Jbii 0^5" ‘jJlJj— j —£j| —,\jJl AJ—*jSn 3 j 
t< yz>t^s> jr p-^xi b*^*" 1-bl i^pxjs^-j ji .(79 <w^Aj ^1 (28 c£j*^ _p) 

<S j* v *^~P’ Aj j-bi^ JjliAil jbiP-l Jjp cLbij t^jj 0 oLljuj! ^—?- j — ^s*s —j ^1 

Q Cj^ \jwJl ^> IT W^*"^ ^s^LirJI Ow l .. A J 

• ^ 0 J ^^ r 

tjj^l i^*bJi ^j $.b^l ^4 <3^J j-s^La Ji (1—9) —j 

.<iJUJ! ^^*btil y aj jiJ! ^Ijlp^Ij jliJl ^ y[*}\ y Ajw-LaJI aJLw^JI jyy\j 

jjUaill 

^Jip ^p ^iaJl b« y^S' olji j oUj^lJI —p J „ ^:> jt j_SCc 

obj jUp! ^ l^ P^b L^ijl 5 ^ j«s^LixJl <tz<jj 

.A-lpil o^LLl y j«/2\*S 1 yUaj 



AjjIJ) (j A * Xn J 4^-iaiVI ^ UAa-jl AjJJ-a AjjLiaJ^JI Jn-l\ 1311 '{^~ 9) 

Ajjill cl)l j AjjI j*^U«JI t l.jIjSJI AjIj£ <j* j LS^) 118 Jl 1 (j* 4j j-iil 

117 J 115 J 113 


jin JJ*JI 

^jiiAjsn > jii 


89 

Ac 


13 

A1 

^ j\\ 

95 

Am 

^ jAlIJaA 

51 

Sb 

jjauj! 

18 

Ar 

UJ^J 

33 

As 

^Jyy|j| 

85 

At 


56 

Ba 


97 

Bk 


4 

Be 

ija 

83 

Bi 


107 

Bh 


5 

B 

OJJJi 

35 

Br 


48 

Cd 

^jxajjt£ 

20 

Ca 

^ j,Jl£ 

98 

Cf 


6 

c 

UJij£ 

58 

Ce 


55 

Cs 


17 

Cl 

JJ* 

24 

Cr 


27 

Co 

CAj jS 

29 

Cu 


96 

r 

Cm 

(‘-fcuj* 

105 

Db 






ajoJUi : J«_4Jl 


tfjiH AteJI 


fL*\ 

66 

Dy 


99 

Es 

* - »* t 

68 

Er 


63 

Eu 


100 

Fm 


9 

F 

jjfc 

87 

Fr 

)l 

64 

Gd 

^ jolil 

31 

Ga 


32 

Ge 


79 

Au 


72 

Hf 


108 

Hs 


2 

He 


67 

Ho 

^ j±aAj& 

1 

H 

U&JJ^ 

49 

In 

?Ji4 

53 

I 

Jjj 

77 

Ir 


26 

Fe 


36 

Kr 

oytiJ> 

57 

La 

^tuV 

103 

Lw J Lr 


82 

Pb 

^L-a j 

3 

Li 


71 

Lu 


12 

Mg 

fJJJ ^ 

25 

Mn 


109 

Mt 






jidl 1ftH ^yytl 

101 

Md 


80 

Hg 

<3Aj 

42 

Mo 


60 

Nd 


10 

Ne 

OJ^ 

93 

Np 


28 

Ni 

Jfui 

41 

Nb 


7 

N 


102 

No 


76 

Os 


8 

0 

^1% ih^jI 

46 

Pd 


15 

P 


78 

Pt 

uiSL 

94 

Pu 


84 

Po 

fjwbi 

19 

K 


59 

Pr 


61 

Pm 


91 

Pa 


88 

Ra 

cj^'j 

86 

Rn 

UJ al J 

75 

Re 


45 

Rh 


37 

Rb 


44 

Ru 


104 

Rf 


62 

Sm 

fjJjUlu: 

21 

Sc 




SiO-liJl : J jSl c-itJl 





106 

Sg 


34 

Se 

fjjvb 1 " 

14 

Si 


47 

Ag 


11 

Na 


38 

Sr 


16 

s 


73 

Ta 

^ jjllUjall 

43 

Tc 


52 

Te 


65 

Tb 


81 

T1 


90 

Th 


69 

Tm 

(*jA£ 

50 

Sn 


22 

Ti 


74 

W 


112 

Uub 


116 

Uuh 

f Vl Jj 

110 

Uun 


118 

Uuo 


114 

Quq 


111 

Uuu 


92 

U 


23 

V 


54 

Xe 

Ujjjj 

70 

Yb 


39 

Y 


30 

Zn 


40 

Zr 

fJifAxj 




Cjjiaj y j£\ U> Jj ^\^I 3 5^Lp 2yry jjpj j+P^S* J^J -b*rjj 

. AiiliS" j dUiS"j c ys:ni\ aIiS" j U>*>b>0 JJ yz^\ al^j J oU:>0P Jju jfi- —xj 

.<JJLtJl (jyrjjjdb OjJJj\}\ 3i jl Ojj^O ^ip AjIjj <Sy£~ (j£*^ ^-P-b clJ-1 

aj\jj 3 A^iL/?! c^Uj^lJ aT^Ij dJLLc ^JJl y (jLJb Cr*^ c£^ ^yu«)ali 

.AjjJJl A?*JL*»SM (3 ^JL>tl**Jj ty* ^^b Aj jbL« 

jl 4ildlS" JLrj JL> aj j\530l *)b»P Sl^j y oUj^lJI ^ OJ 

db^U. N .flp AJbJl 4iUaJ' $-bjJ ^dalP-l 3 J***i ^r 4 JljJ ^ tg-^J colj y jjJi ^Ijil 

ALt£j Al* Lj yij Ajllb 78 d~^7 S-t^b bjb? ^jJb b>-b 01 

c£^ (j obj^iJl 


AjjiJi JUsn 

oU^jjjJl .>JlP ^y*J~ Lj j-aJ (^jOJl Od>-S/l ^/a^J 3 yzXxl] AjjJJI aIz^JI ^pJj 

* f 

amu 1 01 d~>- 4 (amu) ajjOJI a!z£JI o'Jb-^j «j>Ip a**^]| «Jla ^U; .SljJl 3 ob —1J1 —pj 

cOj!^il Ip yJx> jjiiOl Ail .cj b j jZb ai*x dbbr ^OJl 0 y ^vJi yjpj ol^j aIiS" 1/12 OidaJb 

oUj^iJl aIiS" 4 amu 1/12 Oj^iO jf 0y jy 3S/ aIi^JI jl ,12 -O^j jl C 12 aJ yyj 

. 0->U y aJLzT ( yA JJLttj j&*\ 

ypj ^S' j^SLjA J AjjOJi sjb^sjl JLftJJtJ CAjjOJI Lft^lwlpl A^a^ljJ ->tJ 

3 tC 14 cO^J J^gjuii jiJaJl -b*rl^Zj . J„p\n) \ i^JJjJ 

C 14 01 .jIjN^ f-^OLpj (jOrjJ^A^OJ IJ^>r Lil AjlJL^- 1 dJ-^ y£- ^3]! 

* * * 

£jU laij Jjj^* C 14 j>1^«*^ ^pUJ-V^ -ULijJl <_Juw2j .t*Jiw* 1 jaP^£- C 1 0»^j c^iw* ^2—iP 

» > # J * 

O^j^^Jl ^Sy^~ 3^^ **-'’Oif^ji.l . IA***-* 5 j *~*5 * ~ ~a ^ p\jj 

.AaIzsJlI Ajjtl*aJi rsJljJlj cOjli>«JU-Jklj cj^*wail ^P c 3 LJuz 5 ^ 


^Jjb-ijl 3J c^^sfcOl o'^pLalilS^ tAsUaJl ^^>1 AjjjJI 0*>lpLaz_1^ 3 

* 

0 *^ljtll 3 “*A3U? 31 Lgjj y£- (Sj£j ~aJu^sJI f yA A^aS* ^1-LaJ LaJli yfz 4Aj j jjJl fijiXaJl j 4Aj jOJ' 

^jjllJLUjI OjOl 015" .A^UaJl { y» aJL‘U A-j^- 5" 0i AjJlJlj d^lil aOJs .OljOJ^ ju 

Oja Aitalic* ^1 Jj>«J^jIj Ai^jtil dJlft y 

E = /wc 2 

Cj 4j»ljpajJLa>« JpUOI 3 A^i^Jkl A-Kji aJL^JI /Wj 4 JjMj AJ!^) AiOaJl j _ a £ 0J 0^ _ ^ 

# * 

AJUib O^-bj^lS" 90 bj^aj J ;|jL?r C A,o,«flll 01 . Ajliib ^lili f.yp]\ A ^ J 

Oy^ ux JpOiOI aKv-Ijj AiliaJl AJl^3l 0JJ5 j .(m 2 /s 2 10 16 x 9) £y» 

. A)g U-^dbS" Cj)?t 



S^LUsll frbjJJt ; JjSM oM' 


t4Ajyii! y-^Ljtil £y*^r- AaIjcJJ pi* y bc»JJ \j\sX I j J */xa -J.llll tyyJl £_ 5y* 

lApyi* 3 ^^“! yajl,.^^ j cAjjjJl aJL^JIj c^jAJl 

http://www . chemicalelements. com/ 

AJl^il £- yy~*i" ctJLjJil jlS" IS] aJy>- d y£i ifi I £Jyll Ulfe J ^_li »Ua * y_ 2ju 

.C-Jylj^LJ Jy*^j 

(1-9) <5L- 

<S 

ui oUj JLj 4Jli 53Ip 3 y£y oliyjy <LJlj <J>y^ ^Jly jS/l 5yS 51J—i jl y?y Id:! 


3^*1 *lOj^£+*M ^JJl j+&a*S\ OlyS iJlP yfc L* ?£cjIJJ yfc 


■5 Jl 


.J^Ulil <3 A^L^* 4ilL> 3 I tJa~ 


(1-9) J* 

yl . oUjyLJ a*j jlj ot>y yy a*jj! 5yS 3 y£ ^yJy%j ^ 3 P ' J ^ l*i* <y —p jcjl^—^ 

. 4jly 3 0 <*Uyy^j <L*o^- d-iLp ^yJjyJJ j^f tLpyjj yit^jl «ll £cjLJ| y,^;*Jl j^^J 

, ^bj^yi Li] . oL)y JyJl 4JJ*xJlJ 2u^S'\ju» AJIj 4J>w oliC oIa^?t SyjJl 51 y > Jsu 5^ 

,o?y <LL>»_fci oyyyJly aJL«>> lL?L*ipl jyy^J)[l jyjJjydJJ yp-Aj 

OjjSSNI 

aLS" .4—^"Lt* A-Ja-aj jyjyJl I^Jlc ^Jl L*Lc L^^ij aj>*JlJ| <*+S' jjy^J^fl ijJ-Lc 

J,] 4jjLw^4 ^ ^~A: < / j^5 njl! Ojy^Jl 2.000 J,] ^L>«-i~- tC->L>yyyJl aLS"" ^y* jy^> y -^1 oL> jy—i£3)|l 

jyyy aL5T 

3 i *yJir dlyJl J5 ^9-^1 oLijySsJ'y 1 djJJl A^jy AiLdl <J,yifl oL ^—)iiil —?-] 

^y>^7 5ji A_ 3 yS*j» CdlyJl Jy>- oljlJO* LilS^J oL)JyS\J^l 3 ^" ^^r >: ' tLi»-*^ .A^J^sJl 

yS^l 3^*^ jy.^a^il 1 JL& 3i w ^* J y»f .((1 — 9) 3^J1) O-’L) jC.. g ;Q« * i>- < 


<L~*£: ljl>- 5JLftJC« yj cA*j *£'^ oU J y^sJ^ 1 ii y>0 yJl 5jJ Jl j C 3 ■ I _ 

y* <iL> JyiJl y^ aj ^LxJl (y^i. L* 3T j] .L* A^y*^ AjaJ- 3 3 I ^w?y * ^ 3 ^<<^. 111 . 1 .^ 

yS^”y^ 3] • Ayy i o' j ^. ~jsJLj t^^ly^^l fi ^jPtaXj . dly^Jlj A]a■•^ A><a ^ dy5" 3 ^J- 5 tijj ^J^l J >rJ 

3^■♦J .0^y*^3'yi Ail-l? CdyjJmj? Jl yj^-d t, fl >j US" , dy^xJl dly) y^ A^J^y i«^sJ^|[ 1 ^y<u» aJ| 

s» fi 

5y-ii Jl dyJti y« "yiiJ" aJ^" L)jy^J] y-^j5"l bl Ll !*l>- LU—(2—9) 3^-iwJl 

it 

,y 5 ^l Aili? 3^ 3 y>*l 









.a.l.W.^aj Alp <sUa ^ a (J£ <JjIL taJAa-o CjIjjJjola OUjjj£JV 1 .la. jj * (2~9) Jiu*3t 


:>! jil oX& . j\,\ ^ <s >>-' J>1 O'* ^JUij'il diJi £* olJ—J 

. <Lfb(J jIjaJLj iijil fi-L* ^pJJj .oUj^SnJ^II JUlJi j-« (J ‘- r ‘"ygj .*Lfbj. _ f£Oi <JjfjL _// 

# * * 

lojl.5 f.b£tliJ .OlijJJjJl Jliili 4 jjLL» IJb>T JLaIjI j\I*U tjl^ 1\ Jt- l^SOj 

.o^lil (j c^Uj^SsJ^i 4^ j>- jl JUijl ^ iL>yaJ 

4-JL*Ji ^itlj IjJ .oljjjjjJl ^JjlI UjL*w« djJiJl J 5 oljj ^jlp 

* * 

o^bj 5 0^*^ <j* < j,*aju ^jSOj .L5boJbL^- OjiJl j4^^ C->L>wJl l*li 




AjoJUAI : J /i\ oUl 


J-A>- 3 yx- jl aJI*J 1 Sjl j£-\ j! ArOAI AilJaJl yA Ajlnil obyl~Al ^sUl^o . obJj 5\J^[1 3 0U*2 «J jl 

.OjljAl 1 Aj 6 coljAll 3jA-i olij^53*^1 "^JjOl aOJLi^-) ^Jb^5" 

^UjjVI 

a ^«-0 3jAJl fiJiA cl* oji 3 ob jj jjJi :>Jip Jil jl y5"l oljj^53^1 30 p 01 S" 151 

.A-Jb* 5 j ’j*Jm 3jAli obj^I^li^fl 3:>bj ^OjOj ^djJULl A**-j-* b>«-0 oUj^I^sJ'yi ( j< aJ ^ y rP j»-?rO .bjb^5" 

£^ljOl c£ y & a ll aJIAO (3 0^^- • ^b <3 OUaaJI jl SibjJl ^ tl^.,«**d> ^-ysLjJl 4 j jA ^aJ 

* j j 

OIS" L*5" ‘cO^J cA*~ij ^LjJl ( Ji*j £kjU1 j^*n.\\ i yQ^ t j .31 jJl ^jip Jaii ^iuJ cSjiJl yA obj^53^1 

** 

yA j05l)l ^lp d^Al y£- l*OiP 10bj^5" A>y>«-oAl OjAll ^POj .AJb^^I^Ji OJAlX, A ilS "j 

. LJL* l)jj yi l )ojJUl ^3 ol yjjS\ y* j&\ ol jj& J^fl cblS" 151 . ajjJa S 3 AI 01 J yi> cobjj^l 

ob j^50^1 30 p 015" 151 . Lj>t y* C)jj yi l)j£> ajAl! 3 oU^j jjJl yA ^jil olj ^j —iSA^fl c-— iIS" 151 j 

* 

.lOb j $5" SOjl^ SjAili A-***jL> ol jjjjJI j 

.SOjOJo AjIjj^ 5" Jyt>- <3 l"6 Jt ^ ? J Ojp jl aJIp 3jl j>- ob*rjOJ SiAl y&r^Jj JLp ^jjLA OOj^ 01 /^5Lc 
Ortjj* jl l*I p a*0»Ij cX A*Olj cApjc^iiJl <jj* a*J^*!AJ l^-O 3 A*tp U^jI o^Al 3 ^jjl^l O-i—01 y —5lc 
l* Jj obj^5sJ^l j! ^jjj>! t£y jl cobJJ Jjbl jl cobjjljjis" APJl aJIp AjJ^r Ajj 5 ob»^-5r l^O 5 
c^y?jil 01 ^ybl 0 ** ** J l 3 oljJLll ^P^t^y/ J?Lidb UIp ^P-b ^JJl £ L^yi —P-b 

.AjJrl o5y>*lilj toyilj 

COb>«-^Jl j*->w9 -i>^P ^j5Alo *^*Q A-Jb j^^Jl OjljOiJl £j^S- .f.1 yil 111 A ^yj y& C_/y ^ 

* 

y£> 1 Uyo ob J y5J51 c5jAJl oAa .^pIjjAI 3 obj^5J^1 ls^ ^5^* g-y O uJ c5^J— 1 

.lObj-$5" dOjl^-1 OjIjAJI j>5"l Aly^wMj AybO^ljbAl flp AJjJkl O^ljAll .oljAJl 

Jixj . J_5"lilb ojIj U5" c(a-^2a<»j 5» 4^0 ®bi 3 <5y* ^*1-;J^ 3 " Or^ 0^^^ 0^0—4 
* * . 

3J> lobJ^5" 1-bl^- f.lji>l j CAP-^*o 3yluil objy5J^[! oljAll y <yS£ tJjjAl 01—*1 

.(J y +1 

,* ^ «* «* e 

OyJ^^1 OJAc JLJ ct)^ .^^bti! jvlilll ^yP bill^ ijvlajj bjjl A**uij C^ijJl 3 ^1 «*.! 1 Oj^j 03 

0jy53l ^Ijiil ^Sorj cC 14 0^ JUbj c^Wl aJiA*1 J5Loj ^Jlj a^ qa n/ju obj^LJ AJli 

.bjjl A^>r j^* Ajb j^5" A1>«_0 oOj>-j 1 ^ *h*l bf cl^-1* 

Ailbj Ajp^^juJl 3J* AjiO-^ 1 A~*i" -jn-yfiLi OJ-lAl Aj5x-jjj .^bjjj^/1 3iby ^y^rl c-JS^AA]! Aili5" ( JJij 
^li)jl c5y^rl t-3^btJl coljlp ^yQj .^bijj'yi ^l^jl UiS" J>5ij J>5”l ^-w«-0Jl yA Abiu3.1 X An 01 

^jip ^Ift jotj -y^y^ 1 3^^^ oAa (^JjJ^j . ^MA.»^, l «Jl aU^Ijj A1 J Ja y\ KA 

O^/b^aj^l 0A5 ^Ajf~ .^-ly*^! j~>£>3 jl Oyil obiJaJl ya. 1C ,d^O^ oli^ y> jj^I^ il ^1 j .—*1 jlO—Ol 

. 0j\* /3 6 il Ajyjil ^Jl Aj>r^il ^ j>~ ® ypOJ b* ^l0j>*JL^b Al^^ A3 b-Ai aL jja 





(2-9) 4JU* 

Aids <*£' (1 — 9) aJLAJ 3 1*5"" J^' .L*tc ^iygj o^iaJU' Ji oji o'jj O' L ys^ r _jal 

jl j£z ^ 4jlj 4L?b©Jub^ aJL^V' ij^*-**^ j)1\ ©jA 01 ypjj\ ,^JpIaA' 3 |*-*d*J O' 

?Ljj\j oJjU^ (jC^rLj' OyjAJ' IAS" 0 ^xJ O' ^j^Ad ^J-a .^jpLaA' $.Lj' Oj^S\J| <_£' JliU 


(2-9) J* 

'ij . LjLj^S"" oJul^ 0 ^3 J' oilj jZ&l A-Jli aJwv^S!' j)1\ 5jJJ O^A O' «> 

C~j[jjjJjJ <*Jj\ 0ji <J"^ 0U>! c£^Ooj' oljJ J>r 

d-Xjts^ J5" 04oU a*jj' La^up 3j^ {j* 0^^-^j 4 ©'^—A' <3 

(3-9) <1— 

4 ^-.>»-w ^ '^ UVXr^i 4 *j5 (_£AJ' ^JjL*A' ^)L*—IP*yL j A >" 

?Ljb j^S"* JulP- Ob^-lA' iJji 0O' J-* .d?rj-* 'jji' (J.'Ab 

(3-9) J» 

J5^ 0</ OJJij c aJI> oljjji£A*>U ^l^J' Oj^j O' ‘* r «^= .V 4 aJLA-' ©A—* 3 

(O^J td-bU 2 - 3 j^ Oj^A O' (j^AjA ^ . Ub3 j^ 

,4j^Lj>- ^S/' ^p L^®'*x>-j 0O' 


SjUD <> iiOalt 

c UJu‘!Ai ^^* 1 ' 3 ^aj .^jp^i// jUa*JZJyb ®jJJ' o'^J ^L*uL>' ^yu 

0yAi oLuxj ji 3 L^^jjiaJ <_£y*r ^J' 4^jSl' ^ijAJ' JjbjA' C*~*Jc*CUm\ .l£ ^Sl' ^^*«A'j ^J^-b 

3 <_£ y>r 4©A>JL-S/' .AiUai' 4jjUa-jJV' 0 *>LpUA' 4,jJ^—A' 

©j'aj j'la.ti*y' ^JjUA' 4 ^jJlAI 0 jA i' oLws^- 


Jlujyi & s 2 ^' jUxAJVt J ^^Lulall jUxitt) 


Aj^ 4 LA'jUbSf ^jJL)j>J'j yyr^S' jS f ' ^J' 4 j0jL-J' 5ji>S/' ^CJLAj ^ *- 

O' djA' ©' ^*j *». ■ **.'' b y*a 1' ^ 9 ) 3.1 <*y . I|b - - -* * ^bt>P 4 A d^»X_A' o' 


.4jjjLA1 JjLA' ^^JaJ L»A" dc^—A 0jliA'j ai^*^ A?j c-^- ajj^A' o^ApliA* 
44^1^ aJV' ©A-fc 3 ©j*A' ©'^J ^ y3* *+ \ <J^> ^P y*w i. -d 

.U^U-iA aJjLa oIpj** o'S A-j^>r Ajji oUy*^ o'jAJ' lJsAjJ ^o'jotA'j 44y^)ajjA.i 3 

# ^ * * 

.A&yi* (Jlx-*ilj 43 iA? jjj>*zj o^Ip 4 b>' MpUj aj^jiAI 0 



iijJ&Jt tUj-ill : JjSl' 


Sj-ij ^pLtfJ 0^ *" .' 1*3 ■ M l^fl '_ 

jl ^ .4^1 AiJl J -^UJl ^ ^ ilj >-A! (^'UkJl J^U^I 4JU j Ui' t^jll ^ 4L> 

jl ,4 jj^jjJI 0j*Xa31 (3 *>£j£ tti' iL4 Jl 1 "^~ ip^**o ^pLaJI 

* 

\s . *w° ♦■Up *^Lbj AjjjJl aJLiaJI Jj L*5^ 4®Ja--*Jl ^p ^jL>- J^Lioj Ltj-i> J^-iu JpLai— ll U*>U 

. L»flya*,> *-« ^iIiS^ obj a-jc« a-pIr-M il^juip 


SjL^H S-iUfl j SjUA 

* * + 

^JJ . SjUia SjL* jSlj> JLp ^^Jaj aJ bUa> U-v-*or Oj^r^J^lj jj^-Jlj 1)yjjJl ^ J—^ l)j 

0 iLi^stLl ^ »«.«»,^t-I^ ^ sl.sili ^A O^j^^JLI «/3Ll *«,« b rl . gjl+gJif t*ZsL«kMM^~U cH-jb**«-kbrI a—L a 

0AilS" ^A iLUtit 0^J^jjJl aIiS”” l)I . Ujyiy^ 0 j ^wkJ^J .si./all *«.w- ^ rl^ ^.jLjzIi c)_fyZ+ifl ^A 
aJL^ g^Jl 0 al>wJ Aw*£*\>t4 j 2u jL —4 aJL>* aJL ^ a> wi aJj c b.4 J^-£o 

iiJbLc ^ c£> >L ' 5y* JS j cl^^> l)j^uJl aJL£^ ^a iUaii 1 )j^uJI aJj ;—*Z 1)1 .a-—? rjil 

^*X J!sS j tlg^ij 0j^J^I aJLS"" jj^ijj^Jl i^JULc ,aJLau>w <^1 iLlall l)jj—*Vj Ojj— 

. aJLwwJI 4JJ>x*CwJ A A JJflJ»i A^a I L) Aj^L»-w-4 A*>r jA A-L>v*a«j t^j^S^bb 4 

dill! ^wr ^ljja-ys>l -Up Ail L»JUw>Jt <J ojIj jl c^JLnii JUi^l u^Liljj J5 o!^5 Ji j S^> \ —c.j 

? lg..,^llj uiJi < ^aj bb IJ-A .^jjawJl 1 4» g ^w> jlX«j LJSU caJ iLlail {+-++*—^rlj 

s > 

J^-io ^Lslail J p-4~C*dJ Ab*"^il dilil iJUj j£- .A3lL> J,] d^b ^ J y>tSj Jj 4(1)_^xll ^ja o U-w> Jrl 

a j ^Jl u/>b-Ui)l (j Aijail Lib Aju-^aJ Ui J 

£■ = (w + + w_) c 2 

iUail aIiS" W j c^I^P^L^J lj aIiT w + j t Jji-L AiUail £ l.3 j —J- l jl —?- 

.m 2 /s 2 10 16 x9L j i t i jUJ Ui" t j^z Jl 4Pj— ^ c 2 j t^l ^ ^L^JIj 

J.poll ALIS S Jjfl 

Jl a,>JI jij l*JUl£j aL^JI J y^Sl^j to^Uail dililj d^lil ^jA AjjL*U« U^L^iT U-»^2-?-l j—i 

j5Lio ,A^?rljil -l*J Oilil ( jjz*-> CO^Uoil d^lll aLS" ^4 Jj5^l d^lil aLiS^ cJlS^j bl .A-ilia 

.oUail dilil J&0> 4diUkl aJuT ^jA jS 'I d^Uoil fiilil aIiS^ cJb"j cbJU>- bl L^j~S'\jLA 

* 

L 'jA Jl Ljb J ^AiLU jSvjA JLp ja-li fiilll ^j-4 (^JljiL? JpLaLI J ^ 

aIiSsJI J-A2-LP jjaj cU 235 J*^4p ^ ^^UaJUaj ^3-Xj Jj .L^i^J ^JJ ^ ^PJl ^- Lp dil_Ll 

ji jUoiJl J-sAa^w tA>US" a jS a5"^iuII —il5" blj camu 235 5—jjujl 

.<?>t_L4 ^jJLSl A3lia Jj a^l-4 ^4 Jj^>xijl J* 1)1 (J jA> 1)1 c—«.aiVll ^4 A ^ .^ fT ^ 

.AjLUj 100 Jj jA>xill ^ l)b c aj jL^i4 oLjJI J5" cJb^ bl ca-sUo^ a3l-4—ail—* J—pUj <j 




S^lll Olwr /Lll J^aiJl 


L j y U-}L- J^sJuJ jf J>s_ aj jlJ 4j«iyL* SJL^o otjx-* oL*—o^L» aJLu 01 01 

•y*yl\ ^yip tilSLiO ®LJ“I L)l bl*-oU y» ^Jb-lj .LjJuiij 

^SiLufetA j!jaA <jJ 

jtjjilj 40 jj^Jlj 4 j-*-aJIj Cr* <J^ 4% ^ 4 4 ^LL ?L)<j £*-r-‘^ o^Ulail ^1 ^ll <_£ jj ^ 131 — L 

ftjlll ^ l 5jL(^ p—^5- JbrJ 131) ^oljail Salll c—Jj Sjlll ^ L$a^ APJ^va-* 

^ ^-?w> 5ilio jb*«jLilj ajljL*JI jli 4 aJLp g.1 yaall a ^L *> tolja—It 

^ AP^-,c2>* La ly ^Jl C->l^tj ^j5s«jJl L)l y jjlia^ ^J^Lio yjJjTtjL* L~J .^Lfc Jtj-^ Ail .(ijx *2 —j 

JuL* C^JL^-I Ji j £sl~* L4U 4L--J jA Jl Ujly>r <J oljx« <oL* C->JL>-J lit Ail ^Jaj . 0.M-Ll 

olil aJL 5" cJlS^ Jiii 4^Jt.xJt ^v^Jujl ^UslJI (J oUa^ o^L*j oL* <_£l ji .O-Ljtj oliL) «u—*j 

.jJ ^aJl Jju Oj-s-aitj 4 j>5*1 

OiLll^ O^Lll yA 4j^L*~w« d^L^S" ^Ip LjjylJ {£y£~ Lj jl yA j j^«£-£*Za (^^y^^ijsjl ^ J j . w a j^ 

ci->jJL>- ji ^J^pxiU JjIS j>p j^JLo ajj otjL?njjjt ajJj ^jl 4 aJL^I y> t*iU3 jlT ^J .o^lja—Ll 
^Jaj cy>jJ .o^ljail O^lLl J O^Lll jrV| oL^LSrl c-Uilw-lj AAjJ h A>“ jJm LuSoT \ 2iUxLi y^ L ^ A jjiJj 

^i5"I ^jai ^Jl c^LLoJl a^L>-j coJLaJI C-A^3| aaLcl L I aJjl-/*>U u*iLI ajj. >rS/' -i—=*-1 

.^Ajjjl^il oLJjlS^ ^Lw«^!-'yi 

(4-9) Ajluta 

£• U^Ua^jj io^Uail o^LLl y> kg 1.00 j co^Lil kg 1.00 U y^-\ LjT j»jJd 

?ot *iA * O^L* o^L* (_^l yL^M ^0j^>«Jlll Ajljsail j j ^2 +m ^S* .Lo,^, »/3n) 

(4-9) J* 

jLjjL*J> jdh^Jl jV o^lja-* o^L* jl o^L* y^j ^ Jlj**Jl y& Ajl>-'yi » 

2.00 ML^-I (J aA^^ tiil <ji^Jl aJL^JI Jl cJI^aJI yA J/yi |»^iU a^mJL .(yxy>*-*0 y S^jiil ^ 

C — j^l £ j|<i^3ll 4P^k* jjdL) j-Aj Up^ .^q<mJI y£ L>*A>jI Aala^ ^IaX^«jl%**I L*a^1^. ^L._ 

^ J jlr\j E aSLUJI 131 Ja^JJ .3.00 x 10 8 m/s 
E = me 2 

= 2.00 x (3.00 x 10 8 ) 2 
= 2.00 x 9.00 x 10 16 


= 1.80 x 10 17 J 


yA Aj*y AiiC (^JlII AjIJa]! jL^a\ j^j^Jl jy/3) .»!' yA y^ . (J y* L^l 

Aa^^o j&jcS\ *^^Lj^LS^ 180 jl 10 17 x 1.80 ^•AaJJ j^^JI ^^-^*-^“1 <^****3 _Jl 

.iS <JL— aJ^I-U J10 17 X 1.80 ^JbJLj Alul\ a5WI 





(5-9) <luL4 

~ JjLJI e^L*—bL* JpU; at>*ju 1I ^SUaJL ^^-*1 lij * 1 W ~ 1 J/s 01 |*l*j 

^L.,^Ll 5 j\j| a J-* ^a> Lb W 100 4ipUai~0 ^ ^La 4 ojL^f ASliaJl oOj& c^J->«jLwO 

(5-9) J* 

01 ^%-Ik j .Ajjliib OjJJL* ^U^all Ap ljal^ l ^lp (J^^rL QjJJla AilJaJl A^S”* ^ «** ,9 

olJt>-jJl aI^-L 7t^>w? 

J/W = J/ (J/s) = J • (s/J) = s 

olJL>- j!)\ J^lxlll JLP i-j ^Oaii ^)-JL<kjJ (.) ojoivOl AjaJaJl ^|JbA_LwO Ivajl ib»-\ . J jir\ j*a “*£- 

tAol*Jl .iljp^U ^^Aljlj . iljp^l O^lp b J^cJLwmJ.! (^) AljUkl j*j3 il OjLM AjjLa1\j 

L^j g.^-v o r v 3^)1 i-ip f s t(W 100) ^-L-^ail —Ll apIUi—^N1 P 

cS:U bL*—bL* JpUj aIsu-I^j btllll a_JlSnJ\ SilUil E cW — 100 ^jOaJl £-L*ail 

OiJJJ .J 10 17 X 1.80 


t=E/P 

= 1.80 x 10 17 /100 
= 1.80 x 10 l 7 / 10 2 
= 1.80 x 10 15 s 

AiLb 60J tAiJjjl 3 AJ^ 60 Jbrji ?*}b» OjJub Us jb (JJLa U /^SsJj tAjL jI? Si* 1 -£l 

31,557,600 c^l a^~JI 3 (*jj 365.25 brjjj 3 ap^ 24.Oj ;apLJI 3 
bl 4 j &^Laj ^jJl 3 *jJl /yj. ,AjL«Ji 3 ao^ 10 7 x 3.15576 jf 

t yT = 4/(3.15 5 76 x 10 7 ) 

= (1.80 x 10 15 )/(3.15576 x 10 7 ) 

= 0.570 xl0 8 


= 5.70 x 10 7 yr 

;(au- 100,000 Ji VySll tft) l*U flijt aftC Ji ^>dL by bl iu- OjJL. 57.0 3 ! 

.Jp-jJl c^LiLj Jp bL^xpl Ll aJ^JJ AiaJl JSIjj 

(6“9) 4jLuLA 


bill bbT cUj kg 2.00 c^ipUaj" Ji 30LLJI jdLii 3 o^lil a. _bf 01 

^blL^ bL* jl bU 3I AilJaJl boT ^ U .kg 1.00 bLjail 


(6-9) J* 

.J 10 17 X 1.80 (^1 3 A>ws£?^ll Aii*S/l 3 1 ^*** a * AilJaJl Aa^S^ ^jLjI—wv 






<* 

«jJ tl<1)1 JpJ ia .J (Ju jjA^) o^li< J/* kg 1.00 ls a ? - ** 

<3 Ujcxll oljJL^Jl ^1-j ^?!t->- (j Jj t<_J L 5 ^ p ^aJ 

cjbk,jlii 

L5^ 4jS!yjlJl 0 uJJi L«JUp . oil J ^Svj^l i) jLUXll c L^-JxKJ *_* JL>U» jl J^>\jjtj I JuJoI^mJ 

OjU ^ j-UA J^LjjI 4a«^2i» L5^ ^ Jtf** ‘-"" l \ p.lli jj_X*J . L fL^o^S^ 

* > t 

. Uall>«Jj A»jL^*SsJl oLT jil k—T 4ju-)aJi (3 -U>r j>j 


!^J> Jja^ C^4 

* * * 

5iUaJl ^jA 4 aJ^0 LfejUaplj) jU^S/1 (3 r-J<* ^ 

jfi ^ 

l>j^ lij Jl L^yOx; £/• ^L+S'tJj&Ladj^a> L*Jl <1)*^ oL5"^ tiJUi jl —^ ISI 

il^l Ojl ytt Jl t,_ - ,4>«j|^j| ^Cj»P^ t j^lJl ^>XP Ijl^ 3 

<3 jt^Oljl .Ojl J^~J 43 IJ 2 JI JpUJl iJ-A .f.tll jLi£ L^yflXj ^*——*• 

ti^-5^ ^J-£uu] l $*oju *j» j*& L*Jl olji $\^-\ -Up .<aI jlJo-o ^ajjJl j*V J^jjU* ll 

«» <» 

,f.lil e^jJr l la.*..* Uajaj£ (3 — 9) ( J^jJl £w?jj . <S^Lbj>- 4J^bJl j 

diljjjjSil 





.pLall lajuAXa lnln %a ^3~9^ 






d^"” .Li Aj^^dl ^o^LixJl ^jA {ji i ^p cp-Lls^ d ^ **^ 4 U j i^ i^^ 3 ci^LjS^^Ll ^^Jgj 

c~^ *idl Oj^j .a» jiJl ijiy*-j Jaw^g <j o>ljlp ^^Ip jyd*«— ^3^3 uy >r 3j^t —ii j_ 4 

f.L* jli^ c^A-pi-i jl IxJi j ^pLai)1 <j£! il c^d) LaLjL^^ ^Jl ^d~i .^LJL*^ i $+++& > L? .t. It 

jlpxd) i<dfc ^ yin\ c-Aji^^J «-X5 3 • j ^ 3 ^I*AP jlp ^jP ©jLp f.lil jL£^ c^j«J-*^* 

ddp (j^ 2 *! « t/il Ji .*idl ol^Jai J^LjUlJ cJ^tST Oji4>rj^ Cwii^^ lil d^- 4 S-^ 4 di d 

<i>rj2> C-^- A^rjJd OjljJd ^>rjl O-dadidi iil i-Ld*- jl UJJ jl (_£Jj 4l£dil> t aJ^? oi^—JaiJi 


y: 


iJL^ 


lij 4Ajl$Ji Jj .djjiaP i3jj£ s^Uaj jl ^*^*11 Cr 4 ! t-LfS' <j yx*y ^_ 

* 

. l5LiI>-l t$ji J>r £jA iZ-> j£ «-Xi dl« «Xt dillJj J 4 j\ — ^ f.1 A*ilS"* A^S" d- iLddL^i 

Aj y4 AhXj l^l>*l ^JJi j^cJj— di ^*ii J y>- AjjLp-I jjjlij jLo-S/i { j &—*j <j 2^**—* ji ij— aJ 

dJLft c5-i^“i ^N .aJL^aS" 

XbJbdi . ( jpptAA«5^j'yi JbJbM JbnJJ l*JUP IJL^aJi d^-^XJ .c-^S””^-dli j>-\ £jL£ Jli* jP f-WaJl 

^1 A-JJ dji^j jjP i^L*/ 3 ^jip 44 ^—^Lj 3^ S*'^* , r? p^***- ^ 

41^*-*^*^”"^^^ dv JpUdl ct^A^; . AllSdl ^Ji j-s<a Ll»J| L«lx uP-LlP J - Aj 4 Aa—- ip f.ij- dj^j —. ) 

.IaJiIaJ <1 JLp Jl^wLP c^dJl ^J^jcastA-A^jS/lj tjyrjjjuil jU^i ^jp cjdli 4 d^ - - 0 . Jau^ J—jjJ-lj 
^L> J ^r^Si c/ 2 ^'^ d^* ^ (d^SiJ Cf-idl J ^pr d^^* ^ J— O Sic 

.c_-is»j 

J ubk jaI) 

ijLjJH- 'yli* f-lii jCjuJ 4oLS"jii Jii5" J ^b*jl ^l^-i A*Ji j>r ^ 4-^ijC# 4-ji^>ri O-X^- ji /^s-C 

.(jyr jjwLilj dl d^ 3 ^ 4 yif ^zilf jJfhfZ XS- .AJiy*-^! odd 

dr 4 d^*^j4^d' .Jj—di ( JJs^f t\j>r\ 4dix^d 

J 5 * S? 

*>L»15" UUfcii c-i-dsi .^i^Ji dr 4 jU-~^» J5" Jj^>- ( ^--Ld «dJ-L>* 4 _p1j ^ if-— A 

d y>%sS d 4 ^ d^ - ^ d^ f 1 ^-? t^idij *pd>) di oAjlii ^jL« u —* 1 /16) 

4j jUaJ lxl>» (^yN da t di d - ^ jdxd 0%Xj?r 4.^ i ) \j iS^ ci^—d-^ di ^ 

d^ a 3<>-iip 4j L>r- L^U jli ji V-6 d^tj^ o — 4 5p^-c 2—(V ~ 12) daJj— 9 —12 

4d^- f.ldl 3 # (d y*-^^ d ^ aS*"® d 4j jUaj ^j>cjUvJ \) .d*-*—Lw-jJi 

ji Jj 'fS' ry* Jjuaj olplii UJUP iS y L * . 1 >** 4h^j i ^ ( jp jU^^j 

jlp ^.c>d -d^-Jj^' jLp cd^' d^ ° ! —^UaJI 

oIpLaj (dlr^■ C^lpLds di c£di d^^^i j^r 4 ^ 3^ 



iilil 


12-V 



1 ^ ^jc. j ut^p Jirtin t*j (.L&U ^jUj^£S (Jj\V'!l :(4~9) 

* 

^ .yOjj^-i^l —:jj jJjJl ^1 <JjL£ V aXfc f-ly- i 1 j-L>- (j — ^ 

JbjUaJl d-ijjj (_£-iJl V 12 »-*-£>■ l>! . ^Js- AjjlJaJl CjUL^ j( ypjy^J^l —J V Ol *^,—£ 

.SjvJa^ 0j£j <jt Jy- y$sJTj ^LJb ^lJl5" lil 1-b* Ajiy aJL> yS" cL>1JL^^ cJ*LT 

* 

LiU—Jl_J JS%- <li>-^U. tj; T .J <i*j}J (J-^M (4-9) j '—-^”_/ 

.Oso-T/iH ^Jbr iSA^ jll a,>£jyi ^ dUi v^^-- .JpUiU ^j-Ai 

& 

^jA wL>tll .Lu2jI jjl^Jl Cljljjjf C-4 -Jl4t ^^3*^ itf-LLl _Li 1 ' 6 ^JL_jf J _ ^Ju 

A^lJl oli" ^il oj .jL^-ll JbJL>* l5 U l- iylil jJi-Jl yL£ £* ^-» JJ-L^ilj yj**—_S^jS/l 

40 

4iuJaJl dJLft L-i j^J~.M 44jL^jJI 3 -4^Jaj jlo.--.ilJ uiiJL-il ,L^j yijJl yi 5x« JUj yi.-J j \1^> cIjLS^ y 

.y3U «,Vil J ji*^il jM' y^^'j 

4£AJIai IajIj 

y3sJT_ ty^LSj .*^>lji <-L>^C ^1 y* OjSo <_£jiJl t$,lil <.<jjj3r Mil* (3~9) J-SliJl jt s^y 

^Ijjl ^J-£ ^jox—5^jS/l -X>ry l> LJLp t <^Ju yOiaJt y» j£\ jf yJji y> U<a— j! obj ir' 

O t0 2 y oL^-S/1 J y*^5"jSfl Jl jLio dJLSJJ ,y>jS\J ^^ 

H 2 0 ^Lll {-Lfy^r yji .l(_$ jA-L Oyji j>p ji ijaJ&tlA jl^il 2 jc-i- —jj 4(jofi— ^J^(' 

(J uveas' jS/I olji 0j£i .tiSy* j d-L>*lj L#* 1 -"- ^J^ ^ j j—*-^ 

<-l-»lj3 l)L>-^/ 1 3 -L>^JJ *0 y jlL iisL— -j jytu 1j 1 - il A _ i jL* >-S/^ 

jly-S/l 3 L*1 ojlaI ^3J1 L)jjjSlL jUtil Ijl ft 1 gd-L>»X4 jl 

■0 3 J^j' 




hJj£A\ 



aIjLu )j 6^1) 4jLo (JljlljJ^ (JSoii ^jic. Cjljjjai] lnt>ii<o ^Jjjaj3 1^5“9) 

. Loo 4 <-n. ',>> ^ i jl A& V jxx-al -7- ^; AjJjUtJI ililjjjiail Ij^Jal L|J)L j 


Cdjloobji Ll5" .Ojl^^JLp 45"yL 4P^ JLoJjJ .4^Jb 4^_5_lb- J 0>Lj_i-l jl 

LlL p-P l5 1 pj cl-^wL/? ^ 5jX (j 4.1 ./all 4JLJ-I 3 C->LiJ^rl jjSCit .oLj^rl 45" y>- C-Objl 

jSLiJl) £*plj illiAj La 4JULJI 4JU-I (j oLi^Jrl jij lJ .((I -5 “9) jl y^\j jJ> ^ $i 

£-* Jjs*-Li j L^Laxj C4ir Ol^vil 3 4ijL-ll 4 lui“l 3 <^Lj £r\ jj* Zj .((‘V — 5 -9) 

c 4 L‘LJIj t U^Jl c^~< .(^ -5 -9) JSLiJl ^Ij) .L, J)\ <L‘U_Jlj LU ll ^L^rSl! 

. jLli J-*ajijl 3 3^ 





JiLio iJli ( ^p til «JL?r isR^iJl O^J ,ijjj*ai\ Xf- J.^a. aJ l l-L» <j J_ f- 

.^L&l Vd J lM LaJ-P 

4jjjjl aIi^sJI L« 5ju«c**j oljJ j^\ ^*^*' iS Jl—0^ j lAl) .1 

?j-v^jjlJi iJii ^lii 

amu 7 (a> 
amu 14 (b) 
amu 49 (c) 
.oL>_jl*il «1» UJu-bi jSjt. ^ (d) 

jl 01 (3 J iOyjjv x |*-e***—^ ^ujiva —j ,2 


■^jTijy. (a) 

.Oj^J (b) 

•^j^! (c) 

*^Ua>« (d) 

j^SsJ .3 

, L*»XiP dyluM^ j%P tLfefcX^^i vT.^j t$“* b jAj>+a**a (a) 

.C->ljJUl (_$jj <3 OjUsj L«JjiP oyc*u+A 0^^-> o jS> (b) 

.J^j^iJi aj 15" <3 3(c) 

SjlS" - ^3 d jjr (d) 

Jt j\ olji .4 
.eJL>-lj dl^j iljLijj (a) 

.c^UjJjjJl i]jLijj (b) 

iljUjj' (c) 

. (d) 

<0 

L-wUp <j-o*^»S^ djjJ 2L*rjUM AJLjaJl J .iJlP jjb I-4 .(3-9) J^Li._ll (3 J_^ .5 

? j j ^iSsJlj Ijji L$5"jLiJ 

2 (a) 




ijULtell : J j^\ cjLH 


6(b) 

8 (c) 

10 (d) 

3JjJ' Li 01 ijLL^fcll _ r- »L*U )/ .6 

.oUyjjJl (a) 
.oUj^Jl (b) 

(c) 

■cS>J' (d) 

j «/31wjI ^ obi*XP ,7 

(a) 

jjjl (b) 

jiii iJjJl (c) 

.ajjJlJ) J Ujf oL* Jb*l N !N (d) 

j aJL5" .8 

.Oj^SsJ^I aJLS" iJuaU (a) 

. aJLS" jii^o jjTt (b) 

.OjjjjJl aIiS"" j*-&\ (c) 

^ u* (d) 

* # 
y l jLp ajiJl al* .U16 diicj 1 18 c£jjJi LaoJlP c jjpj^l bjjJ aJI Jpys\ .9 

,^y> djj\ (a) 

. t-JL* jjjl (b) 

j& (c) 

.^_JL^ j^sj (d) 

ojULSlii aJu& u3y»j . oljJJl /y» lili£- Ip y 92 t-3LiuiS**i ^ AjjjJl aj^J ajJl JiLb Ujllp .10 

aJb yaJl 


.oLbjJrL (a) 

.oLTJa* (b) 

.jJOadb (C) 

. Jl) (d) 



SjUU ^LluiLuiVI cjVIaJI 


jAl y* ^ J^i^3 ^j^- 4 J Jh oljUaJ-l yj -^* tijjA—Jl Ai* £.1-«-UJl Jtf"...pl 

(.4J^JaJl oAJ> liij 'J^j ififjdfj tfittlj yfi\^ 4*J j\ aUI -*• OjSsI-*J 

/jMKg'p;oy 'V*h; I*/r -- 

jjp cJO^l 4j^iaJl oAA .dJbyiil L$-^jLa^ Al^il oJL» ■^^./■ 4 !Li|flb5?!^ 

H> 

.4*aI>- f.L»Jl5j| J jjs- CJ15" cbJ 4 ~~sJ\j LjIAj s^JJa jA-j . Oj jJl djjJj <wAi^4 i£AJtj iy»» .Ill 

o jyp .Jl jf a^iJl" *LA»S|I <J 

/ * || hi 

1 00 J-J i^fVJ O^IaJ! ^j.4k^Al) | » ^ ~A jXu* y f,L«J^Jl f-V ^ OlS^ L* 

aJLTIj ^ caJL*^ J>\ SjLpjiA j\S £-1 A*j . lA^S"” jjP ^AJjj A->A^ ^ ,^ j a . „ ... $ j 

d^A (j ^P cd^A fj .4^Ajl aA^Ij 4*1 yU OaL- d~*3- 4yc*Jrl 4 j j~Jtll jp jjjfcjjf 

J-jXpIj 4j J-Laijl 4 -^jaJI jjp l-aIi^- j t jP ^-P ^1 Ip j jj ,J>- AA, d ..., !?U ^ ) a; ..,. fl 



f.Ulp c<JVj 5 y jU*ii jjSCiill Jii AyJUJl cjwI L«JUp iUa*j j 4 ?IaJ 4 ft* if 

. oaL*JJ 4^.>^j jJl ^ oA^ ol t^^llP 4 *jj( y* ^y^imfl^ . 

?if$ |;'^t |pp <v;r- , :: , 

4-jiv?*y^ Ia : ^j jJl f.L#JjJl ajLJJ *U^L*>l C^> yi->- <Lf$j tX*ry 

4jLa*) JjLJIj l(<—«>! jZ I) 4jLA-*) i ^J ^ aJ l u3 jijbfyb LsAjI O^yi^-i oAA 

. ;U//4 4^UU 


^|i jl t^Jiyp jotil ^ycJ lil Uj^l? <J o^lil ^ 4j—Ja^l>>.k..„. m * 



4*yjl d 


wjljr jA 1 


P <3 i. aJIp oj)oU-jA—1 j -' ** * \ ^ i ) t a*+ a 

4^—ijUj t^JLL'j cf-li' A-L*r diiA5"j tAJUaft ^L«; 



AjJLlihJl $,UjUl : JjSl' 


M***# SjSii 

C^LuH 4-jU^I 4I1S" £_JaJ L»JUlp lili ?4 jL^J aJl oJl 4 <—5j-vAX> UJl ^-Ur! l£*^ L* 

lil ISll ?lg_pljill o^Lp! Lap-'V * -Jal**J V <L~* £ ^j^jS/I 3 r^OJ jl <3 *U£sJl *j ^f 

J>-b jj>u ?jlUrl ciJ-^stf2-j3 c3 j*£- l)I ^ *bfOj i,iJL»ulj ^Sjj 05 3J->U jJUaJL e-JjJail ^ lj|JL>r C^j 
Ul } ^ tfliT U^Ji f U*-ty jg f 3 ^>- j^»\l lO-fcj i^ujixj:. j^jli ^Uai ^jfi> OjLp tuijJJl 

jU-Sfl ^j^axj 3 UJjuij US" 1-fr. jawi j!>U jj^il ^JUaJl ^Uor'yi \ ISli J-P 

jl L^S'jr.j UjI ^uJixX. ^jli tLji» LiJ t_i*>Ul 3 jU^ s*^>w L j*iJ U" jl ^?rjljU s-UUl 3 

,4j^^j l ^axj J*>U j£ 

(J o\jj ^jS" jl . li j>- L»j oljjJi <ju aJL (Sy^ 3 JljUl l 0 -& ^Lp <UjjL .1 4 j_«5sj 

CjIS ^U^r^l UjI .2 J»b£ . 4-JU 4^>t0o LgJU^" 4jjj*wJ.I C^ljolfl.jat —o j JL-Aj 2 i^Ui OjjJi 

<U^ii 4iL^4 oJlS" US" . y*—<^j>ry> jl *_JU —lUU) 4*,\aa\\ 5jjUdl 4-Jlj j-gUll (jUi-ll 

^Op L» o^oJ t_)^S" C$^~ .^31*^1 oy <Jl*ol^^l UJS" y+£>\ L<^ », & w j ^^4 3 (^r^bl^iLl wJrl 

.Ajili^- ( / ; S"l*l 3 jS"^ cjUwJI j! cLJIj j 4 ^ <oU- dJlS" IS] <u«jjj oljc^LiI 

.jS"jil oJl>«JL- o / ^jA J&*\ jl o / 5-JUJl -U^-j ;o!jjJl 3 ^ y^~ oUl 

c * p ^I? «*» O" i^Sy*-**-* y Jc} 

J^LiJl) SlUl cIj !£> $jJjf j^jS" 4jIS"j ^JaUi dU" ISLaJ j-A j-vaUl lj-A 

jl C-S" .jjali* j>P 4 jV ^JaUl U-ft J.P 4jl Ossw^ cU .((1 — 10) 

d-j|^1 jU c5-JU 4Jb>wo 4j l ^djl^Jl .(^^ r >-'yi CjI>J l 31 j-^*^ ^jl-fij cU I^Jl 

4JU- 3 ^JaUl c^yaUl 1 ^jaju ol^1 C^ y A^Jl yU—^ 

0 43 UJ.I j^^J V ^jA g-lojs tljIS ^..Jpyi **U ^1 .4JoljJ c0 

.4j^L*JI ol^11 4 JU 3 US" l*Ur .cj! 

aj^jUJi (jjj&iyi ojOiS 



UjUi ^lUi Ujii UxjUi UicjUfLii :(i — 10) 

. (J£juU ItuiJA 1 .^ISckjji 



S^UU U)l J-Aflil 


3*“?^ c£*^ *i_-yp ®0*^ ^«J-2j 01 c_ ■ y^J^j c lg**.w»<ll (J 5 J^lyl y& ^gi.wi» L* 01 

y> Jy>- <31 y>-Ml 4~L*oJl ^L*^>rMI y> JbJjdl ^jUj 4jLdaJ0 j liliy J*A>- y> y—C 

.fri>ir oijip jf ^air j s\^ jj 

4JaUIj 4 JjU Uii c4oiLif!» 

jJLii 0] ,4pyii* J^Jaj 01 aJj^/1 a*L^J1 ^Lw*_2**S/1 <z*>\j *\—1 y < x_c 

.y^j^Jkl <Ws>l>- *>lt* ^UJ .AiilsJj A-jlsoJl $\yil y>* JbJL*)l (J (~pi\ oljyLJl 

AI*w L«Jli LA AjoIj APyUL* Jui^ri 0^1 jyL \a> 01 y^-C, ty^J^ ' ^Lp- oJJ^ ydst-J^ 

.A-jc^JaJl cJyjjsdl (J oljyL> JujSLij] JbJbLir yil L ya*J y>*Jj .6y^j Al*w jl tjjL£ Al^w jl t^*>L^l 
aJL^xII ^Lw«^rSll { ji aju , y^-^ y^X . Aa*?xJ> y^Jj A*«ptJ 3_^ ^JlP ^L?rjJl5^ ilyll ^y2- xj J 

. 1,^,.a>^w»J A*^l yil o»Njl^l c5^ c^y^l ^ly* *"«««> l - »yj ca^pU oj^y ^^JlP 

CA-kil^ 1 ^ Oytfj bjj+0 3| O.A^0^L* y«* Ai»jP L **~ j m 1 yi .A^OA aOL** 4>, j ^^Jl A«,l < /3 -il ^1 «*«_.,,1 01 

\^1 y^fc**o I. a . 1 > 0l A*1 -ijdtJl ^Lw*^^^lfl y-* ^ ly>1 0«J»A .^SsL^t-+J jl 

aJjIs oL aJI^* 1 y> j%-PjJl c^lyS/1 fiJLi ^L?rjJl jj 01 Oj^ 

oiiU c'^ ^ c->L-l^jtJ'Vl oJu&Li* li| ^L?rjJl Ajjy* 01 y^x. .SjJu^? f.L^-^1 jl ^J-<kiU 

^ ^ ^ 

vilj&L \ ty^ij .Uu^Lp J aJi-T 

fi 

aLo-j a5 ^1? y^-C) (^ : * ! '^ ;>r J^^ __ .*»/3a\[j aJjLa> J ^]aJJ ^j\i ^Jld\ ^><L>«-l 11 OJLL-Jl 0 j — 

j£\ -L>-1 <_fcJOl jyju .(Oy*- 4 «A>- (J,l i^-^-iJl P A^oij ^*S/1 j dJUJLC y^-C) UjOj (^*)a~*A 

*w_^aOJ\j A^Sll ^1 yl y^-f, <*L~*£ ^j!jS-v£J ^1 aJL^^j A3^1? (0^J 4-Jjli O^ljtLl 

A^rjJj y^-lj C^l?rjJl y> (3 A-JjUj AiljJ j£> 1 ^yjd^/1 01 .A-*^^J-l AJly^« 0yC^ 

ySor. y^lj cpLLl y>* dly^ ^s> I^LaipI AjjliiP- oL?tjJj y^-ici-1 y^^. . c-J^-xilj 

.OJUL- ^1 aJj j\ AjL3j ^cj IjL/3 iJ,! aL y^-J A3^L> 

c-~fcjjl y^U. .Ojlyi~l ^ylp A0*^all ^L*o>rMl c3y^ A^jliJ CA ;1 jJj cAjl-Li-a X*j: XJ 

J L fll*^J CO ^&tJaJl oJlA y> cJsji^-1 ^Ipt-jJl (3 A-LUj 4j|jJ j 1 ^1 •>-j ll^ 

lil .1-^^* J^jij ^JUl J^UU c^yi;_i! <^jl _0> OJ-l-i _ ^ 

W j! ^ 

Ajli cc3l5^ jl C^ynl^jJl jl C^l^jJl lil clji>“l *A->Jy* ^plj V3L>r _i( i l _..^ < -Lt 

C A»*aA^ ^ ^ A-*-»^tA*oJ Ll» 3 1^| LJL yC ? Ia* **J>r ^ ^ ^ ^ A .. **j ^j, 11 ■•! 3^^" “ ‘ ~ ~* 

. (3y^V^* - 01 (^1 CO-Lw^S^^U ^ jaj* 3^-^ 


Uualt ^LuaVI SjLi 

A-wft^Jl 3^^*l 5^*^ *C^y^^^ ^1— o»-Sll y> Aj*)L^> y^”l A-JL^aJl ^1— ^~S/1 • ; 0} 

3^J *10 (31 1 y>* oU-jJj A-ivaJl j»l—o!-Nl (^*iJlj c(Mohs) c j~a ojLJijl yp jwdLi 





1 


^UJ| r L^rSh 3 IJLpS/I jLij ^>^1 *JUJl f U^r^l JjSfl *U_pSM 
0 ] .14 3 -^UM 0 jL^lSl ^ Mohs (3 4 ~*-LaII iljll (l - 10) Jj^_ ^*1 

N ( 2 ) j cl^* djL*i JSI iSj>-\ t« a^L* o^lil ( 1 ) l 5 1 p JLkiiuj Ja^*sj _«Jl jL_s*s-l 

.l$i* o^U 4 ^! UjI dilLl 

(jM ..Or^il jjji (3 c£ji? jiWl jl) oiiljl 

t» -X^- . j^\ <■■■»! «/j o^ ^<wwp*Jftl l . -xJLj a .<m oj <_. Ltj»j hi I 

( /j£Lc .^-lilj t^Urjil -^T CdjL^iJl Orji fiibj £A lil .^^***$1 jdrl jti jJJi £-4j ?(JCAjLJ| 

. (_£y>-l oLu*J 414 CjUIp Liij __ JUaII jv~“3rl OjL« 3 Ju~L£ LaJli 

^slii^lj col*3l 4JbM (3 a-Xjfc 5 jLm 3 ilijJ .Sjlj-Jtl i \^ll /jA jy&\ ojl**3 jJc, — h 

fit 

4JL>- 3 .t_£^..h/g p-~Or 4)1 .i^JJJJ l^X-^r -XJbirl tdjlj—.3-1 4 ?rj3 

L**U till jlJU- Oj^j c^-jUJl ijjll ji £ j+* t(Charon) J jjLi ^A*—- LS —^ j — 

.(o-Jly^l) Olj-s^lS^ 

> s > 

A^Xyufl ojluill jlj-all t^^Ic-Vl Jj-aj) ej l >u fll 1 Mohs ^LlSUk t(l — 10 ) 

.((_ 5 jil SjLaS ojLa 4 j 2 *ii. <ljla-AJ 


^jin j^d) 


^U-uiJ >jfl 

JrUlWlI ^Uil 

112 



Uub 


116 



Uuh 

V'ja 

110 



Uun 

(»j4ujjJ 

118 



Uuo 


114 



Quq 


111 



Uuu 


92 



U 


23 



V 

^ jj-iUli 

54 



Xe 

U-WJ 

70 



Yb 


39 



Y 


30 



Zn 

(&Ji) ^Ujjll 

40 


Zr 






idUll J 


l)S *._ y . ( 1 — 10 ) Jj-bM J ^jA ^iji^ ci^Lup ^Ap *4iiS^4 o^Lw«jjJI ^j^Li 

«-a3 l)^^J . (_^>j ^~1 ^1 OiL* £jA aJ^AaaI \-***A**^rI ^jA AP^*^ $ j£z ^ CO j & S* * **A A>^Ap ^2t*X^~l ^Jl^-JL. J 

s* * 

cUJ^ cr J SjL^iii (Mohs) ^y a-W^* ^i • c /'^ <J* uv «jj-^ ^Ip ^—il Sj L ~—» 

* . * t 

.ojL^aJi ^LJj JjJj>«jJ Ulij| y5\ li ^0 $.L»JjJl -jA JUJjtll yJfljj 

4oi^ ^Vl AiliS 

J,J 4ili£j| jL-J <_£? .c-~rS^ Jj* j otol*l^P^L^JS :>JtP 4 JVAj ^JUaJi p—Jrl A*(i5 ^^Ioj 

y kg/m 3 ) «_«&» r !>^L (SI) J>dl r UaJl J tfl£jl ^UJ .^1 a^^^L* aJb— 

4iliS" OjJ^ J_>L£ dJjf .a-LjJI 0 VIJ 4 plijc* J UU-^ J^\ w o^-j 1—il .(kg # m‘ 3 

\ q n cm 1 4 -rSCLI Sj^JaiSl oJlA t_3 j>- J Jb jj^sj it.-..^ ^Li^Jl o^L* 4 -r^ 4« Axiai j^-lj ^— L«j 

.^Lill ^Jaj*0 <3^j c3j-*JJrl a 3jJ ^Lj A*jl^J .iSji^ C /’W^ 4 L5 ^ iP 

a^L>-P V Vr"H j l^» (CgS) _ — y ^^ oJb-j ^iaju j —7 

(cm 3 ) ^-~*£a y»si** 1 j ol y£\ oL»lyjl ^jlp a 7I .v-LiJl aJ jjJl olJb-jJb S^L- A±li£j! ^IJ 
.(g*cm 3 jf g/cm 3 ) c^-AtSCll yux+JL ^/^p :Lla 7 oJb-jJi oJla ^jj ^1 J —Li o^l—L\ 

J5Lio ^jjj^xiUj .1.000 c->^->1 jilb ^1 jp^JLS^ Jl ^1 jp ^ 

.0.001 3-ui\j ^j ^>I { jS L»>» 

.lJbr cJuiS^ Uajl JbjJ-i .ljb»r AaJ^ AJUaJl ^L*c»r-Sl' jlj cil*i cj— 

2 L$JLJ! AiliS" ^UpjU .Aijytil lJ^IrII pJaAA /jA 5iU5" J5I .IJbs- IaJ5" 

. I^?t- Ajj . Jt S "*' - ■" - ^ |>» . Ljj jAj l,^ 1 * AP jp-y^Jj 

:(1—10) <1— 

^1 ^rJIj IjXL* 4 -lIjJI oJl* 5 iU 5 " ^a» L* . 0.543 kg Lg- d^T j 45.3 cm 3 o^[a ^ aiIp ^- 4 —i 

, C... R I 

(1-10) 

CgS j p-=*J>dJ SI cC->lJb-jJl ^ yJ>\j£- ^y*UaJ ^iwbAJL^u! 'Waj 5jL*<il oi _ A 

jwcJl 5jL«li o-L* u .lja:7 .AAiljl* olJl>“jJl j j£ jl L-^f: ^ 5 *^ ^P J^a>xJJ . 4ll__SxJJ 

Ail^Jl j l-4p C£**~ .f»> <J»I ^jPjA-^ 1 ^ tegs ^UilJ 

Aili^il *AjJL^ l)] .543 g 5-4 r]I a 1^ l^jgRj _Si 1,000 -*Sl» 

v j m j tAili^Jl ti oJlT 131 .jijnJ-I ^jIp aIi^JI ^1j :aJx^j a^L^- aJL^ 

^ = w/v 


rf= 543/45.3 - 12.0 g/cm~ 


4J1A-I oJl* J5 



iiJj£A\ vM' 


Aj^1 jjjJd Jlj <_*>I«J ^ 

(2-10) ULyu 

^j>ip .u^SnAi ^iAo ^i^p^jl^jij (i~ 10 ) ajLmAi 3 4j_i*ji 4jii_r .«*».*>-i 

.4)1 jJi ^jA IJjI .(1 — 10) 4it**JJ 3>- 3 ^Jj^xiii 

(2-10) J* 

10 6 jt O^J-* ^14 <31 ij\ tSI 31 3*^5 Jj j£- OJ Ji —j 

^UL* 31 cgs ^OtAl p-j*«3l I-Aa JiyA tOJJAJ . u^*SAAl ^iAl 3 
3 c45.3 x 10 6 m 3 p—3i Oj£jj .10 6 ^wUll <_*>3^ jl 10 6 p-^ A>l ‘SI 

:5_pL* ^^31 JLp ^Ji ^LjS 01 tfi\ \x&JL t^Ull <^^1 j >>dl 3 4.53 x 10 -5 m 3 

d = m/v 

= 0.543/(4.53 x 10‘ 5 ) 

= 0.120 x 10 5 
= 1.20 x 10 4 kg/m 3 

.^.iwbdl j3j AlP 4 *La pUjI 4 j*!) 0 3l jJJ-^0 ujJL* IAj&j 

uil^Jl (jdjLjS 

i—3 V45.3 cm aa^^^- 01 <—® 01 Oi^j*, OA" . ^ la *• a ^\p 4ajL^wJ1 aJLm*AI 3 01 j * a A 

AJLjai*^ aJJL pli 33 *j-* jl M-15" ji aJU15^ 03 ^ ^-**3-1 015"* li| ^-^*31 ^31 3 l<j—* 0 j- 

Vpjali* j;P p-~-^ Ajf ^^iil jS\Jj 

*3^' 3 L^~«*P Ca^J lAofanll ^3 ^AUall pL*c»rS|l pO*«J>-l ^La] 4^3 44)jA? ^OJUJi ^Sol 

jgila.^ . 0»LC ^**31 0«J»P 43jAl 3^3 A—oif* ^j^jSj ^ .((l”2 — 10) 3^“3) P^Pj 3 3^*3 4* 

f,Lll ^u-jL^ A>"3 .((<—2 — 10) 3^^A^ pAp^ii 3 ®3^AwJl a*x3 3 S^Lpj^*' OJ—53 

3^51 44 )Jb Oil .OI^k-lio A^jaAl 4 *Pj^I 3^ Oj^J 01 -^5*r 333" 3O ‘1 Cttl 3 0«LC 

.3^UI 3Uall j*-Jrl <j^l N Olj 3^A^' c3 3L3I 3l 3^ ^ ^ 

AjU^aJt ^LuOh^U S JjaaII 

lj \>1 A>rj^ j ^55 JjLJ! <ilAl AiO^j ;u~3 Alior ^ ^JUJI WAl ^ij-l! 01 
. 1 2 l^J| a30$3i aJ 0u-a- c? j-^aII a^05" 3 °-A* 3jl^ 4*-j3 3 pAll O^vj .(39°F 3'j*“) 4°C 
o!3 ^1^1 yU *«*j c4°C 0j5 j±A a3 3^' <^^131^ j^^l a--^JI ajO^JI oI3 ^1^5 
03JL5AI ^otJA 4«**Jl SiOS^I ^jJ .4°C 0 j\ji*\ Orj: j ^lAl 3 1 Or* 3-^' 

.4j*w*Jl AiO^JO Uajl J Sp gr 3^J5 Jp 07^3^ o^lp U1 . <3?^^ 4333 AA)3aJl «Aj6 



feui] :J^ull 


( 5 ) 





iAjoC (jj^U !/ULui (_£ja-J <ilc-J (1) .l-iL-o ^juia. ^x=xa. (JjjLS l(2~10) 
. JjLiiL U1S SjJAX-tt Ajoc. £A ^Ic-J ((-_)) 


a 1L»S^ .1 Li oj-u<hAj A-j^LM ilJlPl l)j^j ^Ijib jlTLJ\j 

S . * 

c-JOf. j)lC AJtS*"tf.lil (3 L^Lail ji)aj ^jX^J .J^IaII ^ fen4 L^l J^\ jyi^a .Jl 

jS 'I oj-of A-j.iL*- U^Uaj J iljLJlj oLSo j cIajLJsIj |»)o«i l)] .A-jI^A 

!<ilJ.i jl*I>-*y AjLaS^ Oj^-5"* °jfc£ O^A^rj f.lll j a \^ (_£.Dl < J^-j 1 y* 

<Ws>L>- l)L .JfLJi fill J$ yki y^> ^txibj tl y* j*-p\ aj*J? A-jiL*- fill JlJJr dl c-AJ Jd\ ( j- 4 

J o-L*-?*dll oljO*«-jJl ^Lil .AjI-LJI <3 4 * Lj £ L£ 4-^1 o*i-A -X--Ll-I 

^ .^jU! ^Lll J JjUT J^*; Jjblr! L)Sf U*Dl jLLlIj aJai* 1I jkuil J fliJu-J 

il *• .£.I xJbl 1 jyQr^* ^LLl dM^ox-Jl (3 L«»pI yu c-? y**3 cl ^ «a^JI.^«JLJ o3«x^l 4—oL^*! *-**•_ i 1ST 

^ -XjJ^ cJ-*j*d)l 4j»rji /jA ^yZA^-l OjlOUrji (J,l jlj-dd-b 4-L>yc* ^jja„~Jt vlJJl 

fb5l 4JL-JI o-La JS" O£*Ja—Jl IjJU- 4JL>s^aJl o'jonJl j-w -J c*.li' 

Oj^U 0 j £J cc-J-MaJl JuUrl ^j- 4 4 j>tL^ (^JJl ^1 p Oj^U j^ _J' 

d—> 15" ^1 p l-a*^ (J!,_..■» >/7 It y* . 1 g»*■ at AjJ^ il 4 jl*]1 o-La ^3 a>-L*—J t ^_ Ip 

• 1 dr 4 <;lil ^ 5 >^' 


4 ol^Jt ^LuaVI 4jj^a 

4..U ? , Iow -Xji-LC I aJ^^ > *"i ^ ^ 1^*«/? A 11 t,rJ 11 ^L»«**?rSn -AjJjC ^ 

,j£'\ 3*^ 33^ -^Ljall y* 3^ -bJ-C /^Ss_C Ajl N} c'Ai 4 clLLv- y* AxjaJ J jJLC ^ *>S_ 





c-3taJUXC Jju J^Uall C-S" j> jJ . 3 j£ (j£Jj£j (jyilli <jyLfc XXC 3 l 3 jS Xa-jj 

. a^X-ttjJj 4*Jl^” 3 o^jXjf Xaj ^L>«jJI till** y> jJ c^L^Sfl aJ^JoJ 

ji ^wL*JJ 1^4 4^ yu" wU) aJU?^I UoUjI J,l oydi ^Js* UjJLa) }\Jcj»\ ^ olil l'Jj—* OJ 
A3jjtll 4jj^il jl 4jjjX. ( aJIp l?ljaii £l*X tcJiJytlll iJLi Lai jj .JaAXaJl 

iLu-J ^Jal-uvJ 4XLJa>- <LXf* O-v-Jj (olii t_3j-^aj 4 «jLS" ^yP yXT A^Pjj Ajj jA ^Jfc AiL^Jajl dJ_& 

^ O^J Jaja>ti liij 4jj^ll jjiyu 11 a* - ! J 4jjjll f.L*-UJi .(ll> 3X£ ^_Jj 

jl l*Jl (3 ^J-^IS" Aj y* yp oL* jl ^IS" J^Lxj Ajy« oL* X>rjJ N 4 jL J jJi}\ yXM .Ia* tiilX 

.U^Jaj Olxlli* jjcJLi-l (jyU /j* MS" 0| ^^yLJLi-l 

^£Xil ^Xa 3I (_£X£. O^jLijl oX^S" o^L/* ^h xm ^ ,^|-*LS" Aj^a X?py) a )I {_y^j m " *'l 

(w-ww-Ui \jJjJ* OjJiaj tiXlS .^PX . IgJp <L?rjl>- ojS ^>..^3T Jllp <1 ^y?ycS (^xJl JaXsXll c^^>* AxJalXt 
IjJJa Aajall ajxil aL j& F cXl5" IS]i tL->bj ■ Ailjail djiJl <oL* ^ja ajl»p Js>l*^ajl jl ^JLC ^X* 

IS! c j&b JgU.,p3)Nlj ^JL*a]I jIJlX* s j jxll 

s-kF 

+ 

jSLiJl ^JLp ^pUxJI J^jJL AiUJl AXwaJl 2 jL 5" .oilI ^ip JUiw cujC jp 5jLp k d\ £~>- 

s = kF 

.A^Ju Aa.lalt ojil dL4b 01^X4 l?U.Ja.)^flj ^Juxil jl Jl ajLXMJ tiUSj 

OjSj ^Jl il^ll ja aX ptjj i y*ij ^1 UJi (j ^a\£ j—V 

A3L>^fL ^lL U-Us iJyfe j^3U jLip' JSLx aJUISCJI Ajjjil o y LgXjy* 

.oil' ijy ^«ll i^*j! _C' jl p ^>0 Ij^r ijr^" <«;!all »O^xj j' l__£ N <il Al 

(3-10) <JU- 

ijLs— (3 .5.00N 3a ; laU a^ijl jjb^Lj ^1 lit Xi jjx\ i*j j «Uij j* Jal]a> ^J-x- ) *~£2J 

aJ ^0 ^y^L ' (JA"^ "i t5.00 N 1 • 1 -00 m a _^ J 

?2.00N iy bi> lilJJ-l J> j* L. ,2.00m 


(3-10) Ja. 

tj* .1.00 TTl La j\Jjia ^3 5.00 N 1 $"*;* 3a ; ^ 1 *■ '. "***— l 

^Ju (^JJI ik c^lill —>■ uX: JJaJ .5.00 N iyi\ jjUo { li! "J>IT JxJ^—; j^." 

<> 

:SiLJl i»u^jJl ^_-Jy SiU-J (m/N) jjyili IjJLi* i cJ AjUI c^l* 

s = kF 
k = s/F 


k = (1.00 m)/(5.00 N) = 0.200 m/N 



SiUli JL-L-ty :y>Uh 


5 ytt A^\j^\ £-^- uiAUJ .F< 5.00 N M 
5 = 0.200 F 
alT lib F = 2.00 N au 
5 = 0.200 m/N X 2.00 N = 0.400 m 

<Jf*JU ^USlI J>)l at Uj .2.00N * J> jJ*J -l* JJ-l tsJJl dUV JjW 4_iJ 

. 1.00 m + 0.400 m = 1.400 m »^Jl -u< JjkJl jj£_* <1.00 m j* Oji 

i* 

. 1.40 TTl £-*^aJ jjjJjJlj iJLfc LlJLp \j^ iaj 
U>j* - j iNS.OOj 0 uy. i£j* t^kljail 

Sjl^LaiU oL^wbv-'yt <J 4X-J jlp ^-krf.5^ aj\ .(3-10) i3 1 

J c^Uail JJ4 IJJ* SjjJlI ^UtfpOl Uijj ;5.00 N tf-kll 3UJ ojjU til .U-Lift 

*LcJlT laj .Lk>- 4^Uil ojjill 4 J^/Jj ^L-j oL 4JLk-sb <_£l bjjd QJ. *>o 

dt^«3 j 1 ^I^^I*** «■ * - - ^ 4^- y3 A‘l y*>* ^"1 0^3 tj\ ■ ^** /** 6^—3 

j*J Jl <*^—4 j 

^L&IL (JjaJl Jjk 



jjjJLi g jJ]| 

.La 4 (Jl^* gJn^ £jlSll .(3“10) 4 -ILuiaU J> j3 (JHi-4 ;^3 — 10) 

JjSll ... I ./ 1 11 jjkli jp Uljjf oilvoU JiLJl jjUl j j[ ilJLJi aJU-l j «jl_Li jJLJi 

^j^<9_jil b^l-^ll <iJbll . 4-S b>L«Jl y. tlpj Jfl^j J^LJl 

aj^4 4 tjp <—3f.lpyi £^t3 (^Jk■ w^ A^rlS^) ^ yZ-£L* f t ^j ^ 

. 4_j ^ L>r -L>r AJL> (3 4 _Aj 



4frUjsflli :J J*i\ ^Ul 


JjljAJii) jLuudj) 


. Oj& <X>r jjjJl 4J»jP AUJl o jSsj (U-.y^- pI jaJ A-LjL»*> ^j^- 4 ( J3- J* Oj_ >? J-_5^ 

. JjSfl Jj l~Jl U L^ -j T * JpIui dji-l Jl j >-T JjL* JIj^oI ^ aJIj tL* JjL«j jl£ 5jJrl jl 

j# 

.jLJjjyb dSJt ^jll Ay Iy>rl . I_gl*l£j S^Jrl 3 0>jll ^c-w2j ( ^>- l,» g jawj ^ O^jL-Jl ^jXC 

5? 

.<_£^>-1 Jj! ^ ^j^-1 J^Jio Jjlj—Jl (j* 3 -*! .I- 4 jj pla-y JjLJI jLi_xjl oJ_£ 

olfT j^\ C-Jj J$ JjiJl olS^ j^\ Ooj jLiUl ^ f^^v-l jSjjy AJyj| djl^>- A??-j.S (3 P-ll' 1 <3 J j >3\jl 

£-* -U^Sfl Jp'Ldy L»^ U»^^axj U L ^r L^JLpUj ^-Lp aIojj-v") (^1 ^y* -Up ,(ju- ,<a?M 

jl 4j>-U“l Oji jJJj .^j*lJ»I plpj JjIT J$ Lola:;* L^jJl J$ jtjjil ^(J-'l_ 

oliojJrl dJt* ^jlJJj ^L^2 j JjuJIj aS"" oJjfe <. j caS^^>- aJL>~ 3 L»jIj JjL-JI oUj j^| pipjjl 

.^UaliL {£>■ 1$ £-* 


LA*oLl“l ^j-P A^Ul £^jLwU)I dji J&rj* 1 ~" *'*“ ^jj^l Ji 3 -*-*' 3 ^ ^^uil oJ-A U -*Jj - >r I j _I 

.^k~Ji oUb "^vr 1 Jji^JI *&'jlmj jji\ oi4b Jji^Ji u*y^ u&j> o-b^ 

S' s 

J^-Oo \}'X£ ^lilj J^tS'Jl ^Jst^Jl ^jJ .pill J j >*^Jl jd 

(jl 0Jjil oil^rl ^JJT jl5^^>tlil J^jLJI .ptj^lj pill ^tja*-Jl5^ 

Jjij-Jl a ilS" ^p oJb^i^ .Uli aL^Uju jJjLJI AiliT lil ajL 5"L Jja^Jl j Uii:_^ _ j 

Jj|>j*i) aajJJ 

( _r , !' :) Cv.j slil Cni <3_/ -**■ jj <!' j»i»> .<^JJIj—Jl c/**j ‘Jj—^ 

ajjL-ws^# a^^SCj ^^>-1 L-15" plllj LwlS^ .aj^ iJl ojl j>- A>-jj ^3 j.I *■»«** )l —ll 

jl 3I ^ yc*^ .ap- jJLJl (3 jy^l^ll oJ <l*s* j>\ ^ j^^Jl 

Ai* l>-Jil cjlJ“l ^jJl 3 <3yJl jj^J .aj j*il Sjl^>- aj^j^ j pill ,^JLpI jSlcJl ^ 

JSLio JjJkl djly*- a>-j^ oil ^jIp Jailj^ «Ju£; ^WIj ^ l^i jUij t^jl-Jl ^jJl 3 

^>-l**Jl ^ jl jliJl j>Ixj . jJ_;^*Jl ^SLJI ^viSvj I AjvjJ JjI j—J l ^ia —*j j j —*>J 

<■ 

oJ-A I Jl^ 4 jl^l J^^lJl «X>r ^ wJj .Up AilixJl (^l’^’ %^l <** 

jl^ll dl^ «.^ai .AjUJL) a^*j?^ U-jI^ (3^" 4 lKI a^U^I j\jl*ll ilj_ll 

*“ s' (#“ e # 

A.L,^ilj aJjL-JI jl jla'yi (J/U l 2 -^ A.d*d>~ f< Jjl j^Jil LfcLiJ Jil j Jjl Ojl jJ-I A_j J 

jSJjj IgJU- j+tdij JlIa- jSJj ( JLp ^-4.^:1 wU-^Uj V l_ij ^p111 auuJ V |J^ .^jy^lll ^Jl—a> ^ 

jl ^Jau*o <^s>-£ V^j^L-31 jlUl J>jo UJUP SJL^ailj aJJL-JI aJU-I yu Jv^liJl Jaii*l ^*xjU* ^jjl .^t,_ 

Aja-ftj ^j>J>S'\jj* j^SO j t aJLs^ pjL* oJlA j^/l co-U-lj aJIj Jbu Jj-aJj t aJjL^ S^lll al>s> j^l' t Jji 

VjJj J^A> JUi^l 



5*UU :y^Ult 


^1 (JjLuj 

l5 Ip JUJjJ jt ySjT "?4JU? ft aL‘L- Sill! dJU* Jj&" tJlj*Jl yP cyl j *- 1_«jb Jbrj J V 

Jjyb ( jy»jJl ^^ib 3 JjL* wL«S/l jy^ ^»jJi ^yjtlb a^L/? ilyil ^yaju jLipI ySlc • 4yt*-y* 

tly^l cJsyJ . dlyJly ayiuaJi yy A*3lyli 4^JtaJl tciXl*^ ^bi* ^yySll (J b**pllJ <jub .J—*S/1 

<3 y JjjJlS^ 4 jls-L-J1 a 1?L*JI Uki^lil 2jLb fyuy laJj^jJ! gKjLL^aJb JL«S/1 ^Jj yb ( jy*jJl vyiil —> 5 y ,—ail 

<J}\ y~\£' j Jflj .(Apb-lJl yl 2 c*l,./a ll yl y^?xill yl y f-A^eJ m*j ^Jjl y ^IJ f.Lpy) Ayil j 11 

apL- y* tc£y^S/ Abb- y 4 .yr^Jl cJJL A^i*j c->lya yp y?jS/1 ^Laj yb Jiy yl—5 

b*plil 4JLb JsyaxJ .Ukplil 4jLb'^^I p *b*)b/ 2 j Aiw» LilS^y 5.yUJl yAJ tfy Jl fy y—* yl apI— v- Jl 

. JL*S/I Ayu ynib JjL*i" cJ*j«,.-a>" jy&* ,j£*lb * 1 f-MOtfcS"' 

yJLj <xy. (10 12 ol~L>-y) y-L^Jl obyJLyi b£L>- Jjlc c^l3yJL>«i. L~~jl>I Jj y U ^Jbi^ i LJl Jj£ 

LS 4j*-yjJJl JjL~ 5*" U-Plil 4Ji-b cJS j^7;.v tli JaJ 4-gJ>rJ y* bl . aJIj AitSj *u~* j yJb jj j —* 

jyt-^5 ^yb A-JSvJl b£bj>- y»JU*J C->L$yii£ ?twi3 jl Lxbivj jJ ,<UJL*jJl luiyii 5Jl^-l ^ ^ 

Jllp ^y»s*U-jJi ^U^fl ^jA j*y>«J yu—Jl Ljli V bop <3<ul5^^ bJ ob ca-— ilill y—* 

JJL>r <JLp ^i?b^ jl c*uL/? d^lil db-ft ji 0jui<*^L*w L5 ^j 

tf* 

J^l ^^Ip Liajl JuJju jl y^JTj cdjlyb! d^lil aJL>- 14 ^Jl ajuJ^\ X+S —*J y—5^. 

.aJ O^lii y ^JJl 

JJ» >-ll Ailis 

jJLo jj . yJL~Jri ZJL&Ofj (ZJjjJi &Lz$3lj 6<jb$3f &L&3l :<j Jb Jjly^Jl X*\y _ J 

ef «S 

. aJLojJi o>'ybbi 3 j ^uSsJ^ tu aJl* <3 

tJ*yu” .(kg/m 3 ) <~y >»ll yil» oUl y^SS\ ^jlp 5J^ju JjLJl y* a 4*J 2ib Sill _*i 

JUi ^jL~lJb hJ jXia ll^}\ 4ib^Jl J,] iS jL-JJ (N/m 3 ) ^J^ll ylb yJyJb AJ jyli A>b Sill 

eyiSlLl yib olj jjl o'bf y* A ^ w^ J t- 1 AibSsJl yu .(Ill/S 2 ) y* A-jb3b ylb \jXaa b_Itll 4_1 

.6.02 x io 23 « J r 1 01 (mol/m 3 ) 

AJjyli AibSJl d w y^j yib flyyLSOb) JjL- y-* a 4*J AlbSll! 2ib—Slil d m ySl^ 1 

^ j 

AJil^Jl 4lxS" ^2 ySld .(tw^x^Jk.1 yib Jyib) AilxSJl d y^lij ^(tta^o^il j _lib yj y. _Jb) 

•ft 

Cl yS\J .All*jl J$ oljjJl o'bfy« ^AP ( J±oJ ySl^j yi«b) Aybl f L?!t:> " ^ l)^ 3 tflj—Pyb^ib 

A-Jllil o'y^btil oli (J,bJbj .(^y* AJbib yib) aJ (_$Jbl ^jL*sl)l 

d m = w/F 
d„, = ma/F 


d p =N/V 



iiJ-UJl tUjjjll :JjS' ^-AJt 


J > 

4 ^*Li $Ss *-jjdJl 4jli^Jlj c<Lj iiLlxilj c<U j JlJI i^_aj jL*xJl 


0.001 ) J&\ y* tjs* y* ty>r jl (1000 cm 3 ) ^J&A c£jL *0 C£“^J 

0.001 l£jL*o 4j*S| jJ 'wiA <->j*i t(cm 3 ) ju-z~~S I j^i c*ij y* ^ .(m 3 


.|^?*t>xij <L~-Li 5 JLs»- £ \^Js*lu~a c jJ 


.L^Ll^j J$ 4+\aX'.A JJLJl sjLS" ut ^iaJ L&'y 4ja—w» ^Juj\ju L&l 

(4 - 10) 

Vs_*SCil ft>jL&O 5^1 ^ L. .300 kg LfJbT .0.275 m 3 JJU ^ 


(4-10) Ja. 

ft.si ^jJJt fliiJtj t, a ,.... SUajt. oL*5^ »1)^ ^*»tj 

|% * ■— 4 ) 4^ !».,,) t. .C c . .. A It t.XA ^jA £■ (^t jt l i i ■ .^ ^lt jpA ^t jJ ( ^ I j . .' | A tftj P ^l. ^ Ot 

: ( ^J-I Js. ak&l 

d m = m/V 

= 300 kg/0.257 m 3 
= 1090 kg/m 3 

.<L«L& ftijt 4j^ti 5Ua xa ^J>-JiJt ftijt C)Sl La 4^*1a ftijt 4j>Li 0^Jtii. ^j£- 

(5-10) 4i— 

ij/'Jdt JJLJl iZ*i 4jj_jil iiliS^t ^ U t9.81 m/s 2 ,j>j^t ^)a— y ^j'-—' (*-4 —i 

?(4-10) aJLII j 


(5-10) J* 

tJL* .m/s 2 9.81 j-tjJLi iiliSvJL Ljt,_.<JJLl-t »JLe> J *J t> y jl 

Ljaju 

d w = 1090 kg/m 3 x 9.81 m/s 2 
= 10,700 N/m 3 = 1.07 * 10 4 N/m 3 

4 n jjiit jSi\ (_>>tj jJ ^jx^j ^JLllj cN (L JjLL^ js> jJ &Jl l3 ji-\ ^ c3L* Ja— 

+ * 

.4L*Ji ^ oljjJl o'y y* J*XP 


JjLluA 


.j^Ul jl jS ^LlL; 4j>r jXa 0jjjli jl jLl^t ^Jl 4ja-w-!j; O^lp JjLJI ^jA L—^_ftj 

Lx* J*AJ ^JLa-SsJI \$*a.S' ji Lxi yi£. ^iJJij 4 ^JjL-J1 ^y* 4X-P ^LaI y>~\ 4A> Jb Jj»r j j 4 ( J SsJj 

. Lj AjL^Ji J ^JjLaJI y* 4JLjP Uj^J ciXli .d^O.1 4 JL aS 4_« i43L ^Ll) 



SdUU C^U-I :ys»UJl 


(_£ jLo (^iJlj t^y^Ob OjjJl y^b* 1 .o!*X>-jli j‘X^j ®Lii*yi £_j]aJb 

.(9.81 m/ s 2 ) A-bbM £jL*j$ 4j jj-^ 4 ^1 ^p^LSOb ®jJLa> 

Ajjyill a-jJ^JI AiliS^I d w ySvll ,aJL> ^JbJl ®.X4 AobS"" (_£yJ o\jj yj j£ ~La;—j L—PO 

«jb— <mmt> ^*}\ ^1 ^ I b A^M Li .Jj i. «,wJ ^C wXJl 4 _^^Tt_P; l*X?T ^[jb—Ji ^* yA « / 3 4J_*wJ 

jl AiLb-Jl £jA p-bb jlib V Olb" .yjy»0b jJjL* w bill fiJlft jjj 01 yp j&\ 

d w = w/V 

* t 

f■ J-A*i tw itaUil ^ Lu-*i lij ,5 -j iUM ^jL-j" Jic a jl tw = ma jlj 

djw = 1/V 

[ Js- J-A^ j~*li tj ^yity i —*^rWl j 


V = w/d w 

? t 
j bob dJJi 01 .aj ju* jiP twj cK Jl ^yjl ^ pJU 4 j lui b. J—T 

lij c^jiUr' Ji^l *1^11 <_/**> bi>j cJS^I £-^“ JaaU |l Uil 

.JbyjiJl f.bbaiJl y« A^aLx* (J "(blit' yiRj ijj>rji AiliSOl ysju 


Jfl ^ LL^I 

dJ-b O^J t lflA—Al ^ywlb ilJLii ^^Jjb-Jl f.lil l?«y? y^s-C <bI ji Ol ji ^J-A 

<_£l OJJ-b 01 (j^-^-J c-lai-baJJ jJ^J j—Jl ,Jai-siaJb ^ f.lil 0^ ^ —*j 

f-lil law.,^ OJb^-C (S^ 0-UOj 01 (j^-£ cjbsAP^/ jl jli j\ai ^^jask — Z> 

^JLp 1jrv2j L*JUP f.ll.1 ®jJjJ (^jJl (li>**>b» ^ypy>- ^ Aw */3> L y>y Ob ^Xv« Ou 

.03^1 oMi® 

bbajl JaJwaJl .<3-^^ £* bc^rla.^ll 5.X?-®^iJl a]*VJj Jai—b? o ^bl> 

J^jjl S U^bj i(S-*^ s^-i ,jjjrJ'j) J J *'-~^ Vj_^' c/ w ,j^ .JJUiJ Vj_^* iiliSsJ' ^ b^Js 

(^Jjil jlib p Jai^lJl y*i li} .(jJkb) ^ia*Jl C-# 1 

P = dj 

iju ^it ^ ; .,di tSJjjj! ^ VJj (i—~*^ il fl<3^ m Ljat-I lil 

^ = 9.81 <V 

(6-10) *1-4 

^jU-l ^vL-Jl ^jip 5yjil o^iJl U . 1000 kg/m 3 JiLJl *UU slk^Jl iiliSOl 0_jSC" 

?*lil c~J- 1.00 m j~* y- sli' i) jy^ 10.000 cm **y J_>1» uj«^, 





(6-10) J* 

c0.10000 m c 10.000 cm Aiy*- Jjl ^i^Ji ^JsuJl 3 j>-L-—* —>-1 c^y 

tj>rj ku* Jorji .0.10000 m x 0.10000 m = 0.010000 m 2 aj-Lw jJb)b j 

.0.010000 m 2 x 6.0000 = 0.060000 m 2 ^ a^L~. o i/j Ub cy^.O) 

cJj y»- J jl? -b 3 y>r 4 j? J! jJ-J . 4^1 a Lij .\jLA n vU,V' n jbL^Sll V) 

,(4>La ^15^1 <Lk*w»J£ i 

AibbsJl c3l*b^ 9.81 ^aj ^ilb ^jjj^lb) s-b*JJ aJ jjJl Aitx_JL_^rjl 

^jU Ljapf bJ^I 9.81 x 10 3 N/m 3 y> -up ^ .9,810 N/ m 3 jt caLJ^I 

(J,j w^aJj aJL~ 1| djjfc ii.A>w=>'j AaJL>- li-A ,Jju 4 ^JjiJi jj jJcJi j tA>L a ^lijl Aj^Ai A^>j\j\ A^bbbl 

.bJ aJ^>«11 aIjJ! -bji ^t-Lail <wJLUJl £*j 3 £jii ^ ^J,bJbj 10 lji ^jj 

9.81 x 10 3 N/m 3 x 1.00 j**Jl dlli ^ <.lil Jaij. O^Sy d.00 m j*-p ^ £*> 

Iijj-a* j.u!I UA *j _jL~* ^jIp 5-5-Jall (ji F i ji!i\ j j—lil .m = 9.81 x 10 3 N/m 2 

F = 9.81 x io 3 N/m 2 x 6.00000 x 10‘ 2 m 2 


= 58.9 x 10 1 N = 589N 


iaUL^Q ALIB Jjfr JU*-L jjjli 

* * * * * 

P^)U Ajj^P jUaiL (jy ^j .c-lii ^w-l) bub* LLs- 9 ffA-Pj -£ 

f.lib $.Lp^JI c...^ e.U.15*" J^l^jjli ^jjb^u c-LpjJI *)bc bib (_)y^ .pLp_j 11 14a 3 tjy-' *•> j*-*-*j 

* 

^^bVt oi-A 3 c-ow?j jJjI j? jj\ ^ ^^ 

.((4-10) ^rla.x 3 ^pol^i .1 C-5"yj -Lw«J 

^ol^i.1 JL>-I Ajv-L^* .Aiiili^ ^1^11 A>-L**> jU tAjjLi^w* j^P jU^i^ <jl ^-C. 

(^ 4 j AI^L*o4) 1 J Jav-SO cJaiv? J?.A 2 3 ^' 

JiSL^L Ojlti j ji ?(A 2 ai^L^. 3JJI) 2 pij ^2 ® '— 4 ‘(if —^0 F\ 

#> 

JSliJl j JliLl J . JiUU 4 ^jL 3.I ^-olS^ll ol>L^ b 3 ;<^jl j — £r\ 
.UiJlj F\ ^j- 4 jp~p\ F 2 l)^vj cl |*j j jj* 4 j*+p\ 2 |3j t(4 _ 10) 

jbJb)l jUJ^lnil cL-^bj 

^ 1 /^ 2 = A \!A 2 
A\F 2 ~ A 2 F x 

. obL*3-l f,\j>?\ f.bjl A A&\jlA olJb^ jJl j j£j jl CO^^btil dJ-A a ^\ ^|jL>r: ,. , „*>' Jc_P 

.Aj jAj^s jjP AA-Jail d jiJl ebb*" Jai* ob AJ^biil 0 jSnj .bJLiJiJ.Aibb^b 



«UU : j-iUit 


S J* 

“ ^J- ^ 

F, 


F 2 

A 



Ja) 4 ivyftQ (JilS js£L (JjLui 


aL U]| t^ux-nJI ctl^u.11 Jl^Li :(4-10) Jiili 

. j_jjdjl£-JI djU.L^ l A \ k ill T\a 

(7-10) UL*I 

.y4 2 — 15.00 cm 2 j /4 1 = 12.00 cm 2 ^ (4-10) <j jl ^ Jj>\ 

i 1 2 plj j-^> 4 ts 5 > *^JliU £-* jJ—^ j-t —i ^) 

t* 10.00 N oJjL»*>U 1 pjj c..]aj<. v? jJ .(iJLj.1 aJu* Jl>- c,Ul tlJJi L j-j\ 

?2 ^rLil 5-lpL^aJi 

(7'10) J* 

^a5sj . 4-xj jJil J! c^L>-Lw-^» ^JjUJLp 2jt-*Jj a jl& ^|4- *ul ji 

:L^uij jJL. aljaal) «L. »J tilLi-l oJLft 

^,A4 2 = 12.00 cm 2 /15.00 cm 2 


= 0.8000 




ijOjlill frbj-iJt :JoUt 


■F 2 <— 1 'I— *»- J<—Jl '-JJ tF] — 10.00 N LjjJj -F^F^ — 0.8000 01 jJL«j ikiJl &X* ^>■ 

10.00/F 2 = 0.8000 
1/F 2 = 0.08000 
F 2 = 1/0.08000 = 12.50 N 

^ tX A j AiSl .,.. ^ -i <uL* ^ <L.Lfc 0 j 

. S-L» ijjjl 


jjU 

jl fi-lpjJl £-<* jl*Jl jl d-y y» ^JjL-Jl jj_ Ul ol - JJ {£j\ »Sl jj_J all A-Jl _ J 

-A^-y V cjbtlb L* l^l>-j O^L» lil .JjLJl ytj y* j\J^j ^J>t A^jil^rL j\ *ll j__>tj ( j ,c.l i^l 

JS-Lio J?U jai^U ALU oljUJl (1)1 AjLA>- y* ^1 yJlj oijbJl yj y Vl . jbJJ y^-* jJa -> 

jlilt Aitis 

.sJp aJ^-L aI^JI Aili$3l (J>y JflyJl jijP ^^Ip i(JjL _j jl *J1 cJu 

ylb y j*Jb AjjyJl Aill^Jl <_3yJ .jUJl y* AJ^P L$jj-£ ^)l (kg/nfl 3 ) (^y^-ll j—lib ob*lj PjlJxJl 

AJlilL ylb lj‘JLa> Aijjtil aJ c^LM ^jL^Ob Aj j aJL^sJI Ailr^Jl jL^Jj (N/rn 3 ) — *^il 
y* a^p jt jy <j (mol/m 3 ) wj^il jilb oijjji cJH y Aibt^Jl <_iy .(m/s 2 ) ^y* 

• 1 mol ~ 6.02 x 10 23 01 ^ jUJl 

S^ jLuojVI 

*■ * 

b» jlSL* (J *yM £js>j Ait y 3 y*l . j ji>l y* ^y Ayb*-j ay*fT tJL^ liliL* ^Lpj ^Jj^- 

y» 1 j yS A^i) ^bjajtJl j| d->j «S - " 1 yS3t_j oijui-J yP IJLju —5rj\ii-l ^Uia a]| (3 

yS’y*! ^J- 5 y 3 ^1 -(y 5 ^ J^*) 

. 0 ybl <J APy-—-) dJL>-jJ jliJl Jjjyi . 0 yM (J>1 jl^ y* jw=> c5y- Ail 0^/1 

jUJl ^ ^yuJ Syj^l J JjSll jU)l ^ yuf JpLb M yT jU JU^l ^ Alt 0V1 y^j—al 

,dj^2i dyi JL*j ylitil ^.Lpjjl (3 boJalL* ^jyll 4 AP^-*J jlJUliNl aJLo-P .Jj^fl 

y y 

ljL>r 4^..ti y- cl)1 (j -/**; ^_4 d^lp 4 APj liy>wj jUJl 0»lj^ j j| AP^-u jLl li^i 

.((i-5-10) y^i') J y«> j^>- ^ yUj t?i yb 

^ly>Nb d->ljl*3l 4^Jflj LfcS - " ^iyobbl ^A>* y 1^ ■** <>♦ Ajj^iIlII <^>yr yl l^l> 

. J yAxll oli A-PjS/1 (j oljbtJl .6yM 



5aUl) 



aJ l_j£j£ jtill ^ jjj (s* 1 ) jliil ^jjj |l| :(5 10) 

.^UJI jj^joll ^jJ] ^jSI-ill (JJail .A KtiiJ ^IjjiI ^->'i jliJI ^Jjj (^) 

LjjAj” 4j111j 78 cJi^ 5- J ^j^ 4 o>1jLp tl^ 4 *—'^ 4j j^rl Aiilp^l j — j 

Ajlilj 1 a«-J 0 l 4jLLIj 21 cLljS~ 7*)a^ ^JLp oljLp <j~ 

tO jj j^sJl wL.m- 5^I Jjlj ^-Jl t jj^-jSll jj^-S/l oljliJl ^ ^ _ a 

^i\ oLoj.^ ^ olji oli>jj>r-) jjjjSlIj —^lj 

caJLp yS' I jj ob C~>1S^ 131 Aj»V*a j j5u~* ^1 oljljJl j4Jt ^V* AjLiJt? oLi'j c( l jy J j._ j 4_J^lxjl 

(jl p-Pjll ^lp >2J^3j tj jJl*A.I C->13 A*Pj*yi (J$ ^l ja »)lj C^ljliJl d-L& • J jlS\JlS"" 

(Jj j ^Jkl (.{£j>~\ aCjl-i^'bfl OjSsj .{£^>■'^1 C^ljlxJl C^lj3 ^JjJjI C^ljLiJl d~L& _ *j o>lj3 

. 41 * ** 



SjjJL&dl :JjSt olJl 


ui&j&l) (ja ujjUL CjIJUJI 

c If 

L^}yCL*A j3"^ Sa.^ I_jjtp 1—$^-P oVS J^- 

Jgb^ J i s-bjl ^^-SS (^j^-S O^ljlp <— i-ii {£ j£z .4-jil^-S (3*^ ^ s-S-^a_fiJi (_3 C^ljl_*Ji 

(jtS^ tij j olJLJJ (4-pr- 3 ^* 3 ) 4j^ 3~S Aja-io'yi jaP- (_£j^S cl^Sjlp ^ mX<■ 

<3>^j ^pL^iSI JaULJI J*>b>- oSjbJl 3 *** ^bJ| c£>£ t 3 *j^ 4-Sb>- (j .Sb>- uJui^L ^ 3 ”"j_S3 

. ^3 3 s 

J>^ jbM f-UoiJl C -^>0 CjLlli'yi 3 i l 3*>UJI <j oSjUll -J 

f.Ls<ajjJl (J L$-l* ^tla.^ll ^ ^Sf! 4-jib*- o 33 toijliJi ^ aijJLsi <^S' z ^gr.ll 

(<U£jj^rl AiliSsJl) jlxil olij?r j^T y 0 S^l .jywaJl £.tp^il 3^^ Ajalli£ Aib Jjaj jlJUlj'^l t JL—lySfl 

*f 

^jJaJu .((^-5-10) 3^iJi £-*-lj) ^LaJj^S SibjJ y £jJl SJu* ^yaJ&tSjj c!j>3 ^Ja^Jl y —* <y j —aJL 
.jUJJ il£}\ A$b£j! <j\ c <Jjir\ cJ*>Uil j y lb oU! 3 jLSill :>jp ^^Lp 

3 c»>Sj»iJS y* aa 3 jt4 A^k^J <u—uJLj 't^J^ l-3*^aJ! j 3 —*^P ^ 

$4JL5”" yW^S j-ft .<_£^P-SfS OljUJi 3jbS^ j&*\ oljUJi (j^-i 0j& ^lll? 

, jox^j'ill yA 5il$^ j&\ j y JsS\ Jl~S\ 4-ll$^ j£*\ (jO!w5^jSl^ ^ j-_ lilj 

c^^Ip'AJ Jl 4-L5" 35V1 oljUJl L^jlj c^ja—Jl dl^L 3 l ~ A ^' oljUJi 

a,U*aiIIa^- 1 L*jta {Sj^ oijliJl ^ J£- ji ^arjUi-l g. L ja Al l 3i u* 2 *! ^ 

£jA *)l*k i-3*>Uil (j olj\Jt)l ijA Jj>“!j ^jj ^ aJ ioliia jl Jj>tj—J V 

^ i<~JLA "AAiJh-> dAi<i jj Aj^ .JLar (jJUi oj ,A>w?l j J\pj A^J^J jj-J»J^ oLL»-^ 0 c^Ji Si 

jl jjj £±\ Jl^^S'\ 4^LJl oIjIJlSI Os-Jj ^Jj <( jorc-w^jl (^1 hj& ^la.^Sl ^ip Oj— 


^jliJI f L^UI ^4 CiljUil 

^y* -X>-jj .L>i_j>«-Ma f-*^ 1 ®j^p f-lbaiil jl *Xa^— *j jS —? 

C^ij\-i]| yA OLt^i jljT Lslajl S^ry^ ,^ Jj-LjAI jlp \^Jj£tAAJ t^>-jlii-| ^.1^2——flil ^Sj U 

LjiU- ^>rjli-l tXt/a'oW (j oljJJS 3 pLo .(UojI JLJLir^ ^laij 4.1./aSi j^^aJS -^>rJ c^AJ^S 

^y>- .<tX^ J ^3 tAj O3 cAjIaJI (j dJLS^ 3^ c-. wvflS l .(J y^Sl' oljUll ^u* 

. J*a 0y^A 1 ^«P .JwA^j ^t*®^-Aj ®^3> 

# »« 

^ ^^Laj , L*Lc ^-Aj 4 ^jI^aa^p g.\ * /3a 1 1 ^ j>- 0 

LLL>- aJ^P y±ZL~~J 0S ^j^-C .Aa^x^v? ^5 jUJl ^j>k-7rsJLS A*/?3 A-jjib**JLJ a5^j^"S Ajj! ytuS' 

.(^- 5 - 10) 3^3iJS ^rSj) dji-5" ^3"3^' V>l-JrS L^lil^ jfl3" 3^- ^3 a- iJL J 

i i^s ^3*s ci^ij«bSs tju J^Liis t_-jit^iSi ^3^3^^ ®i^Sj ci^SjfclJL) Ajjii3-i ji j*. b 



SiUJ Ult 


-UP b^*** 1 <J>i ^x]a *~Z1**> t APy-*o jjJ— j jl j\ *1I 

.4jjS"JlI AlJaJj 4iliS" 4Py-oj aWi itayJj cap yi* AaU- I jui^ .j5" Jk\ j ^UijI £• c/V Jl *iW-—^ 

IJLj l-U*- Al>-L^ AjjLM ^vaT tljoM .AjjI y>- ^IaJjI jJJi c-.~.*«o j CyS"yil <j jliJl Jbucj? —<■* 

<^3jj yw?! y-LJL* ^Lp jUJl olji ,jo a41Ju» ci-olj>- cjjJi- jl ^ySJ .p_*«Jl j l£jj^ —5^1 

.a~T jfi}\ jUiSlIj j£JlJ coL^ij£)l 


ttA 


jl* AJlSJl j*~Jii L» iJu&j >( JjI j ~Jl pJajc* y ^JS^Lio jJJSj c->ljl*Ji Jai—j» ^ —So: 

1 - 1 ~ jl jP- jj-* £.Lil C—^ y/>l^i3l y^uUj AJlSJj y—-flj J ^J-jLAl jlp ^j-* -U»-l j jly£ OjU jJUl 


JL>-Ij jOu^a 


•*>>> o- 


tplpyJl iJl* t>* Jj^ •>^>!-J y2*l .(C-^fcSjl ylitf) V ^IpJ J-J^ 1 

lUJi AiJaj ^JJl yil ylib ^y j^Jb j-Uiil c P JaijaJl yP AJLj*^ f-LjJ JjJ .J 4 ^"" 

_r,tf A/,IS, F^sU-.l bl ,UL" ^ Xi /it Ji tN P l _L*j .*U^Ji jljJ^r l5 _1p 


* * * . * 
tliU TV pli F .ibjl bl cUb V i^hi aJoj y-i tTV £-* .P 

.^jJb Aj>^v?b jj- 4 ^ .P 

cT djlyJ-1 AV^L^a jl . lawyall C—3^ oljUil ^yalaJj — djlyJL-l — j>-\ ^J- 4 ^ —J 

^ J #» 

4^u t(L$l*lSy Ij Iyj-l CjjLp JUj ^Jl) jUail yAvaJl 2j>rj^ ^ oU-jJl3Ij d^l—P ^ I—i* *b 

J Jby-^ .IJL^v AjU tJaJwaJl ^b! cjliJl ty>r j? J-LP .A.— 

cAIjC ^t**" t4iai-j> jUJl 

w * 
rJu -Up tolj^b <J"^a^Lp j t^L L* 

y >^^il l*Xi 


jr* 0^*^ 

JlSjo* d^lll i] jJl*» jj .dJLijo -UP JaijaJl yJL>L^j 
{ y^ s ^ A b*** 1 " 3 ^ 4 law.,<a)b A^-ji Ja^jy*i *^-* 


[*1a\ 



b^^*^ aJLL-I AaJ bC ^yp 


>?■>« j 


tI lij oJLw- U-Lp J .,r3 a ll iJL* -*_£ 

.^b&l iU j di y r J- A Aj y^r-'yi jl LaJLp 

?A-w«-«-vwirl Aili^Ji U .v^-A^ll y i<oju<J\j dji 5.55 ^ 10 18 jb^l i y AUP jl ^yS?yiil .1 

922 mol/m 3 (a> 


9.22 mol/m 3 (b) 
1.08 mol/m 3 (C) 
33.4 raol/m 3 (d> 




io-tfsll tbjjAll : JolJ' 


•N lOj 0 ^jl Ji xi ijjii ij°j*-i <pjl 0.150 m/N ojU jf J? j»\ .2 

oji XS' t3.00 N sXip 1.00 m 0L- lit 

?5.00 N 
1.30 m (a> 

1.67 m (b) 

0.66 m (c> 

. oU_^lxll »jL» J_)JaJl JU JS- ( j^JT "V (d) 

j Aj = 0.0600 m 2 (4-10) J ol>U. jt ^^al .(4-10) Jl op .3 
^ atJl»jill ^ l* c5.00 N 5 yu. Ji-Sll aUb 1 ^-£11 _>J .^ 2 = 0.0300 m 2 

^^jIpSO 2 

30.0 N ( a> 

10.0 N ( b> 

3.00 N (C) 

2.50 N (d) 

(Jl <lL* _ji <....l«a j t ijOi ^jlp (Mohs) <_r-A-bkiw .4 

. 4Jm^c^wJ Jjp Oblx3l 

. w*>sa\\ (b) 

. laxyall jf iJUlil (C) 

• i J h ^ t *i J 1 L r ,J> vi (d) 

1 JiSn OSU-I ji v-UJi .5 
. JjLJI *lU J (a) 

* 

^.LLi , j «*i* f.LLlj ^b) 

. JjLJI f.lil (j (C) 

e-lil (j (d) 

<bL» 3 .6 

* 

.4jLj)ail ajiJt £j> iJuJl jlJJL* vUlj (a) 

.Aijall ajiJi jlJUL* (b) 

* 

.3JL)ail ojJLlI b^JuJi jlJJL* (C) 

L*»fc<^Cp fl «/3 > 11 0^Jjj^ b— ■■«.<»Ijtoj (d) 





JJaii aJU)I aJLUJI oli SjU.1 .7 

.aijj i*Jj uJ? Jl (a) 

# 

.lA>- 2uijh (b) 

.4*5 *Lpj (C) 

Jj'j-J' j (d) 

l.■ <***j 43j*$\ 4^r(3 jlJLltl .8 

J oijiJl ^^~u- (a) 

. AS 'jl oljJUl ii^ (b) 
.<JLp S'iU- l*jb oijUll (C) 

-cS^ oljUJl J^Ul ( d) 

Ji 4^' oJu* Ui>-! .kg/m 3 8.6 x 10 3 c£jl —j t* <btL Cli£Jl 5iliSCJl <jl —iil .9 

Aili^jl 0C Jp ji\ L JS' 4-ip ^ bf 4jli.b 37 jji'l A-jiUri j ^ kt- >- t£Jj l\ 

jil 4lk£ji 

3.2 kg/m 3 <a) 

8.6 kg/m 3 (b) 

23 kg/m 3 (C) 

9 

, JLall ^Lp bL**p4 UL> (d) 

^ U .2.788 x 10 s kg JsUl ik T, cJiUt ^ 100.00 m 3 js-6 .10 

.2,788 x 10 7 kg/m 3 ( a) 
.2,788 g/cm 3 (b) 
.2,788 kg/m 3 (C) 

9 

.^JLiil oULJl ^Ip bl^IPl 4 Lpw*w* 4jUr^|l (d) 




Jaxuall j S j! jaJI Aa jJ 


CjtjJJUJ 


lljajl ^J>w? ^j-i^odlj . -UP jJjc- f-lpj (j AS' y}p ja jUJl rjA 4JLP Ja* -j> 

L* 4*-jlj 'jS' X>X>%X) \aXS- ^ju lit* . L gjg * *0 -UP jliJl ^ja 4UP 

jJcii <JaS LaJ JLa . J^aiJl ijjh ^ 4jiJU^XU* U l-L* ^Jp ©jlyU ©jl^il ^ijuu 

.0jlyU 3j*- jij ili-sAll Sitii JllU- 

tdjljaJI ^g|| 1^ 

JA y 4 ^pT (J}[a Jl <^L» JA Jilj jl ^Si. J^il AilUil JliliV ^1>- ajtj—^f 

% «* »V'.-.^ 

(*JA ©jl^Ll Ji^J cjl>- Ji^ ^Jp ^lll JA <>Mp UUju^j jJ c*y^ ^P-Sf Sijai* 0i-j£* 

<* T«^ # 'jhyRjS v 

J^uJl) ^JaJL Ljul Zfyidil oXb ^pJJ .f.lil Jl (i_~gl)l <ui (jj»Ul jJ jli ^j—.~a 

<,(^jfyJ~f^L^aib jL^Sfl 3 cplj-«Jj C-^ AxJ^S/1 ^Jlo U-U—jP “•'I “**11) 

£ i^J>yb Ljajl Ajuidf ^i*** Ji ^ Iwal l jJ-L- ^jA ©jl1 Jftlif 4^tsil ^liU^T 

f.iy>l yL ^^1 ^^yu U-Up .((^ -1 - 11 ) J^Jl J). J&b) JjJ* 1 

pl^l ^JL; j £jSJjJ C~*>* t*i J*$ 1 Jl O-j Jl 4 >vA) j^wUH J^4,...^g> 

~ 1 — 11) J^-iJl Jajl) (^jfy^f Ijajl aOtJijk y&J& m 4tiji& ^ 

^UjSflj ^ilUJlj © j! y^l OlJ^J jJJi -J| -LpJ (A - l\]p C-^*. „|,i„ g t 3*1 

J^“l jl/j 4(^ jl^l ^^j^l ^1 J C ^? j' JaJI 4iUaU Jlixil ^ © jl ^—^“1 .1 ^^ , ,. A i ^Jb j ■ y it 
>^l 0W>“l 3 ^UaJl J^J jr^J fc 3JaJl ^UaJl JUil jL>-S/l ^Jaju 3 v^>4^5 •igS'jJ j ^ 

. J> ^*>C j?us^jfe 



iiJLjlteJl oUl 





M 



Jlaj jaku, 




k) 



■■000^ 



/ 

■*m*s**0r^ / 

iLi. ^jkLiJ «.ljA 


.( C ) J^JIj 4 ( V ) 4 (1) (Jail! 4kJ Jj iSjlj* JLS J* (AiUall JLI *fij :(1 -11) J&JJ 


SjJjaJI 

\jjt> ^ C->1 j3j C^*-^ U.J . jjvJlj jjiJl ^*3 ^ ajl j^-\ aJ. >j l)I 

O <! 

^J~l jl .(yS^T ^^5>j> J IjjiS^ IC.j) < -*^J_ 4 _£■ 

Ji-ioj — Iflfl* 1/1,000 — Aj-Litlil {.LJLp ^|*3 £jA 4>A>tL«J,i QjijJ -1 ^jA J\ i^o jju^\ dJb>-J 

.Aj^ji-1 c->LJL**rJ1 ^3 -1^L*juj jvp oLi^1 a^lp ^J^a-ySLoJlJ ^*Jjl1I 

dji^ 4*-j:> y JbjJ ^Jl *Jykil 43UaJl 4-^r ^ JujbjjjiT U ^Jl (Cal) fij— j jl 

<5^^r>- ^4T.(1°C) L*lC dJL^l^ ^ j+~~La 4j>tjJ jIjJLC. ^JjL-Jl f.lll ^ (1 g) Jb»-!j ^lj P 

4>r Ji ^jPJL J jl ^Jl ijjiiil 4iUaJi 4*^5" LajjJj tjjujlijtll JJ ^ OjjjJ-i (kcal) 

pUj ^ w -tii ^Sfi ii* jl> a°c j\j*£. JjUi *ui 1,000 g y a kg sy^.^ 



iJli-l Jaftjallj d j\ ^aU-I 


01 jl t^Jp jl c*—->b jl tf.lll f.J>- lit l-AJ y*^l li-A jLg-J . A-XoJl fcLjl Irail %n_^ 

Ajaiai) 100°C j (^tLl jUj4 aJaa)) Lj jAj 0°C (jy ^1 5jl^J-l c^L>rjjJ 1 Jl& 

.^y^jS/l JLp <—^yv*LJaJl laa.Qa.ll (j (JLIaJI 




dj^j *)l 01 J* j~*i) 1°C (1 cal/g) -bjy jl o^j^l Jl JLaJl JJl~Jl *lil £*b —£ 

bL* .(twjlQalilj j~*» b-S"^ t<Qlul^*Jl/^>«_*lll djl y- A>-jUJ jl * ] i7^\j fljl y- Aa*jUj 

oljUJl ^ bb jf iVyib' aJUJI <>L^I bb ?£tll till jt cj^Jl jf c-jjJl 

oil oL^S" fljl^J-l d^brji ^j/ 2 & 1; jl Aj jl^J-l Ail)aJl AIjIjj 03 Aj.a.S** Jb . Ua^o ^ y% bt 

■ijJ y ^yall 1 cal/g y j£\ Josu j^-b .(J ^Sfl 3ljll j£\ iljll U 0 JU J —* 

jLxjLc. ^jo jl ^>«-**wJ bLc 1 cal/g ^^aJI JJbJl $.111 JjaL .oJ-b y Jil a>-Ij .M^il Ja*jj *1°C jI-QSp. 
s.L*JUJl La^pjl> oJ la jl>-I Ul .t^ip o^j J -I yu JujlpI ^_jl a^l Ll a j^l aUL——%> 1°C 


.^t jls+alb 

LajI*\JL* a^QT* o^LLl dJ-A Li^bO ajLU W~*.j ^pL%x AUP L__>jJ ^ jl 

LlUJ ^ y jLu>-i ^ jJl ^ L^J> ty>r lX- y a — »Jb t(1.00g) 

dji y- Orj3 oobjl tAillaJl Ji AjLjJ Orc-i All ^ .X d^lil Jl (1.00 cal) l jiy \ jlJLiC. Aitb 
till jp UiJL^ cj^: USf till X 5^Lll d\ £*>\^Jl JA n.20°C j\JS£. X ^L_U 
Jit fijl^>* J^-Luv d.00°C jI-CaX. dilll dJ-A 1.00 g j>" A>rji <—i-C4 .AjjAlil AillaJl C..,„. —aL 

1.00/1.20 = o^lil cA«*Lil ^>«jj .1.00 cal i y L* \s*y 

.1.00°C jlJUU. \ij \Cal 0.833 


Lui . Y ajUf La^pJLJ Lp 3 .5jil ©Jla LJU? U—*- CciJ^t d^U y aIs- LjjJ Aj\ d^\ JoJ*\ 

^|J>CL^I (S «_/• LuSlc .a*La ^lijt AiJb 1.0000 g <jjj fj>- LlUap- L^j* Aulai C-^ _ ; 

U-A djlJ>- br01 Jojj .Y Jl Cal 1.0000 jI-CaC. Alii? JaJ ,Jp ^iJl li <j0lj->* 
JT otllisi jJb-L AjjI^J- l AiUaJl dilil dj-A JuAl*-J ?0.80000°C jI-CaC. cUJtiJjl JLi i^JLyaJl p-w^Jr! 
y 1.0000 g lj\£) Cal 1.0000° j* JJi ^ .X bill jt JsUl *li» ja 

Li I A-UI fjA U y L* J*>Ls* y U^Lc . 1.0000°C jI-Cac, ii\ _Ll 

. 1.0000°C jUUU. idlil ^ 5j»^ A^rj^ £JJ 1.0000/0.80000 - 1.2500 cal 

^ j| ^ j 

^Aj Ojly^f ^P-ij d^UJ A^v^Lp *Lla ^La c-iLllS^I (klJLij JLp _^■ 

®c cii Lp^ .(cal/g/°C) a^-j^JU ^lyilL dy ^>- oa>- ^ ^^■x^- 

t?.LJJ c = 1 cal /g/°C 01 ^JLw .L*U 1°C jl-i-lc. Salll ^ L*lc ^Ijp 1 «jl y- a^-j^ J 
Jl ^^*) c = 0.833 cal /g/°C 0cX S^UU a-^JL .oju^ a^UI ^bj^l ja ^jlp <^L ctiS3j 
.(a^La ^lijl a^>- Jl aj^L.) c = 1.2500 cal /g/°C 0tY i^UI] a-^JLjj c(a^La j»ljjt 



S^Liilt ftUjjflll «_Ajl 


(kcal/kg/°C) yyL&lj 5yy- JL&Ij c ^ j^cii j~- l—f —> j .—SU 

^ $ * ■* a i c ajpjuJIj ^1 jL$3lj & JlS oIj o^l>* c j 

V-JIj .oJj ji i*Ul ^Uj^l j» jJlp is^i Xi'jii* i.c = 1 kcaI/kg/°C jl> i*Ul) i~Jlj >( yy_l_- 5 *■yJL 

j /J t Y 5iUD b_JL_, t(JUU f liJ aJ%‘ JI i Jla) c = 0.833 kcal /kg/°C Oj_& tX SjI—JJ 

.(i*U ^ li } a_>- Jl Jj yi*) c = 1.2500 kcal /kg/°C 


(btu) AjjJijyi S^l 

*» 

.(Btu) "V jd&yi 4 j _j/y7-/ 7J->-^7/ ! Lis" 4jili£- 3jij>»JJ SJj>- j oU-Jalil L ya*u (j _J 

L* &<\y- lit <jt^iSfl ^ti^p^t <J^>- ^^4 dj^S^ Ail SJl>- ^J\j c^ju^ Uj 

Jl£\A j\ O^aLI 4a*4 ^V*ipI (^* 4*.. ■* —.) Btu 6«^ - 

c4pL**J\j Btu o jwXa4 <]jjtiil <iljaJl JJjc4 JJL 4jLJL>- O&l ^-JL^ j^P L*lJ-S l2 **»l 

.Btu Ji ^jA 4^1f s Jl 4 .^ ^s Jt 

(wXj^L) t^y 3 Sjt^kt l 5 ^ Btu j — *J 

<9 

<^1 4^aj (_Jlj ycJl IJa l)I jJLj Ja .(1 °F) dJL>-lj 4j>tj^ jIJLaX. (jLyaJi ^JjL^Jl {.ill ^ 1--li 

01^-* ^lp <^-o^V 4il *t(^JjjLJt) ^ dijJ^ Ai4 Laii C-J—r ^(,,5 ^ 

1.23 kg Ojj .L>- 454 g jf 0.454 kg ^jSll ji- J* dy 4 JI Wl ^ 1 lb Jj. ^T.ibjprj 

(j jl i}j>- jj^ c-U^ ^IwUjl 4 ^ j . 1 lb JsUJl t>— 4 

^Lp (wUjlJi) 'b/ ^Sf Btu oij^J l)j—N tpLs^a—ail (ji <*-pl 

^^Jlp jjf \JJ tBtu o-b^j Jlj7 ^ 6 Ja J^p^li ^Ip 

9* £ ' ^ 

4^*l>Ji 43U-i (j . (Btu/lb/°F) 4^tj<jl11j ^j^LJ\j Btu d^lp d^^Al aji,L4 "^jka 

. Cell /g/°C 3 j<AA 4 6J^oAi djiy7~l 4^wj Btu 5-X>-Jj 0 jwLa4 fljlj7-i 4^*5 0 ^Ssj ^ 

(l — ll) 4jLuu 

^jsj Jj 5.0000 cal l&jUi* iili» Jib ^jij .ibjt. 5 jL« 3.00 g kiAe*^ <—»l j —al 

\ J N j t( ^u j4J' . 1.1234°C jliir. l^l^ a^l J r Uibb Sjt^ —J-l 

?olil ojLA 5^Il 5jl>1^1. .UoJl j.b‘1 vji; N j 


( 1 - 11 ) 

iS-itil ^y 3.00 g bjj .JlyJl ^ 4Jjljil Silil ^y 1.00 g Ulilb ^Jl «UaJl L_eo 

5.0000 cal jy '/3 ,_Jp Jb»4 y 4>' jl JblUj t5.0()(X) cal J-^j 

. 1.6667 cal <> J-^4 ^ 




law.ftllj j^\ <br: jJUp <^1^-1 


\*> ^5"L*1 (jp*_**J j£l ^ Ajl yo iij&j .l*l*l£j AJLpJl 3 ^Ualjlj C^x-fljjl djlyLl A^r-p 01 ^-Iju 
O iJ3j .<J '^Sfl cf^}\ Cf* d\£j* 3 ^ c£' $c£ .p 1 ' j —* j — 

jlJulC. olll ojlA ^*p 1.00 g djlp- A>-p -bjj cOJ-U-1 . L*-« Ol^-* <j£\ 3 A^ij jiJlilL _J 

5 j\JA ±>rj 2 gjJ aj jUail lj\JA kyS ^ L> .l*Jl AiUaJl 1.6667 cal Jij ^ 1.1234°C 
01 ^s, i C J* .Sjlil lj\JA g;f c<up csiil c jjuJI 4jl ?1.0000°C jU_ic. 

JLi *4*31 Of U .C = 1.4836 Cal/g/°C JULj .1.1234°C 1.6667 cal/g r l j£ 

.1.48 cal/g/°C Ji <v1pM vij' c~Japi 

S JjaJl AajJ 

0^1*lp 3Jjl l^3 dAj-A-5 &rjJ ^pu I5L« toj!jJ-1 Lip 01 ^—*j 

4-jS** j^-1 AjljaJi ^P «jLp Gj1 j^-l A^j-j^ 01 .f-LjJl J L*-* L^A;<*^3l 3 (__j3pl ^jlj^"l A^r-j^ 

ooLjl LJS" tfljl j ^-1 4j>r c.>»ijjl L05" aJUO 3 .Ip^r^S/1 cJup3l Ajl .olil 3 Sip—sM 

.olijJrlj oljLil 35"p- 

ta-UxJl ^p*jJl ajlp- oLrp pLiJ t^Ai* .iS pO aJjj^ 2J ajl jiA 3 —?rp ( j— p ju — *i)l ^ — *>S„ 
(EM) 3«**.Jg3iUaJ^ a5j^] aJ 0 AA-A 3-iT-U-Jl 3^-jtJlj tiw~5"l 

l d«5\j .X 3 x0j!^j ^l^pf j CApx^.*oSJL<Ji if.\jJ-\ Orfij «.J—•> j£—i (J— 

<J^]ai ^jLS" IJla aAJ- aU-pJl a^lll jl a^jLJsJ! 3^_*i 0 j+ ^LiJ^ 

.3^^i» 

oL- y J j\J- <.oj\ y ^^Ip (JyA 03 U J,l 3 I^il c5^i y* AiUaJJ ^p-w-— j Uju p 

o^L?rj^ «>irg7.*i jp* aJ15" aJii 3jUaJl (3^ 151 cljp-l .Ojlpi 01 j _^1 

s« 

s-L* 3 j*>Ip UpLaxII jLxJl ^l^ll s** —-- 1 |1 15| t3j^L»j> cr* cM" 

3 I y* .OjlpJl 3_i!j>- 3 aJUI^j Oj^Jl (J ^L«J>rS/l A^UaJl .(^ L*J 

^1p aJjL5i ^ ^Ui-iJl flip- s-LjI jl jlp- ji oJuL>- 0 

<AjjyjyL aJUaJI «0a ^pJo tjL>“ ci>l 


^ ^^XoJt d jljfl4 ji) QX^U itlui (jAjljfl 4 

^pLi* jl ^pLi* aJ^Jj LJIp 1^.ip lJjjpj tfljlj^“l a>-j 3 ^jp U Lpy Ajp^ 0*5/1 0?^ 

^*-^1 (5)^* (3 1 ^.5^" l 5^ LJ-15 .(°C) (J»^^1 d jl 

.^pjall pLl t—i*>LJl 

JL>“ 3 jl g Ajl-g-Jl 3 lO-lw- o'Jb J "^J^l y* l*J^r Ojlj AJUP iiJLjJlj t-- tl^" 151 

1^*>U2^10°C Ojlg-^l ^ 07LJ1 JjLJI ^lilJ jlU- 1 5jlA^rp OjS^J .lsJ\ y lj \>1 1*01; jlp^-» 



iiAUslI tUjjflll : JjSl vU' 


j ; 1 g ■ * jjS'l^j ^iS'f |»-».»> ^ s • l ? • ; 1 " tOjJrl A*Ja# ^1 SitlaJl .((1—2—11) I t) 

Optji linos' £Oj JjL* Ji J^L^Jlj J|l lit Ojl4^t iij*Jl l_—oSsJ J ,0°C Lijlj»- 4»rjJ 

JUJl JjUI till 

^J jiail) ^LijjVLi AJjl^>- A>-jO IO.T.» 4<uil iiUaJl jw5 jl^^*1 ^IjU» elit ^; - <aj lil»- 

.lcal/g/°c iopUJl Li jiSlj ysl Lu- fill Ju~. .((CJ -2 -11) 

# 

till flji^>- L>r ji ^-wO-T .AjjUtll JlJ*! O t jLliill C-lll Lx*J Iji>^ .**»» 

-2 — 11) ^JsLI) 100°C ^JjU-JI 


0 ) 


UU JL 


J j^jj AiU 



jl^i pjJaA 


(v) 


(c) 


JjLuj $■ La 


^UaJl JL 



0 ^ >ill jjj 
lOO^jillj 

(JUJJ*JlLil 


jla. fjOoi 
^iij JiU t Ln 


yuj ji, 




UJ 


ioo°c 


■jU. r jOal 


i(l) JjU *L J Alj^Sj OjM jl^t :(2-ll) JSJJ 

‘D oy*^ #l>*Sj ‘(v*) ijy jjji JjLJI c-LJi ^jj'viJdi 






.dy*Al lj\ yi-1 4j>rJjJ j^JUJ — 4JLI& aJiAjj fillf mJoJj — oLljLA jbjaii j^l Jjr y 

^yt+jL* 4j| !^yijfijuJl yuLft ^Jp ^L*^P*i/lj 6jlAss-j-i yP jJ^AlJLl _La—Jl _j-l_^- ~~_ t 

Ojl_J~l yLiX. jL>~Sfl ^ yP-L *° J* <Jj^/ j^I*l ^.Ul ^1 bJl <L -ll iHjfj—PtJJ 

tf-lil jL^ajl djl y>- A^t-jS <yj <jyiJl y l/lOO yLiil i*iA JLp o.L>-ljJl l jlyU 4^-j^ jS/ ^ydl 

(centi) 2b Ui ,y>«-Jl iS y *■■ * ^ (jU^l ^iil jLip Sjly*- y>«-^ a •** <j>y*~—* 3 

."l/lOO M ^jJb" >s=L- ^ (centigrade) JbiL, j c M l/lOO M 

£)iLS <>iLA* 

jf y^-£ . <Uy* ,.-Tj jlyJL^i jtj^ Jl jJL> 4-ip jl 0 Jjylj jlyJL^Vlj f-tii JL*^4 ^ ? )al\j y^X 

J* \ 100°C j* Of y£x„J 0°C y jO^o Ol>Jl 0jl jJ-1 Oi- >r j3 -J 

c£ 0> jf djl j^~\ X>rj3 J y^lii^^/l c^jJl oLL& JL >ry 

LLp aAjl j^p y V y^lj ty jr -l** yU> J-£- d j\j^~\ oL-ji y^LiS^-^/ LLi ^yrj <—AjJ 2 -^ <y 

tLA^^y <^JLi yj L^ji *i >.lJjL1 ahJa# Juyj 2 j^Ip js* $ (Joj i—-*^1 .^^LaII ti a ^ 1c- 

5j*rj-dl dJL^ ^PJJ .(-273°C) c—^ ^273 LjjAj ( _^iA? i f a>tjOJ IaOjjJ j 

OJJLc M ^ J-^ jJW- 1 j^all ^>rjOj Jt—Jrl ^Ul*-o N .{jJJill jMaJf <*-jJb 

^jA oljJUl ( jjaj»J U^Aj lLLI^ ^y* ^j)l tL S£ l 5 ^-^5" p—Or -brJJ V 4jf -U> J ,\^JLaJ 3ilU 

. ol j£\ ^ju ^—-1 jJl f,\ t /aa\\ ^ i>t-jJljl dJlA 

.OK ^jL-J -273.15°C ijl>1 .(K) IJ y-U ^ ^L-f jikll yUli ^ jSLiJ 

+100°C = 373.15 Kj cO°C = 273.15 K JbiL^ i^JL- ^ ^ ^ y. L yiLT ^ y-^- jl 

.K £-* bvjJlH y*j ^ 4jf JsL>-V 

jA <J5 Djl^A»y . JL^ j^P o^ill . w i ^ j!*V^ (.lull AjL^jJI 

<3^ ®j'y^' k*-j^ ux <i jiJi j) ^yLL. ^^JLp oLjjil Jl ^—ii 

djiyi-1 4j>tOL io cf\ Jorjj \ lA>-j^ 273.15 LJb ^jL-O ^yLi-A ^ Lp fijl^ i-l 

.iJLili 

A>rj^ (1)1 (J yh 1JL>-1 £y+*J ItJLlP . L jL^> y dflJLS^j JL-* ^bjf jLjpI jL>-^l jA* I ^j y ^ ^ 

Jj 3 _;—^JLj aL-$-* ± 273.15 oSf °C OyJ* 30 la^j <K Jyj* 30 ^-4 c) 

■ liyJ 4 30 

^LL» 

dJJ-i y^ 3jl5->rj^ -b^L>^iJ ^j>-jll -L>-jJl y-Lail y-J yiJL5^ yL a* jl 

djly41 4>rJl y^aJl 2-*-* (°R) cjy&O >T ^ .UlJb«-t ^Ull 4ii» 



ixiidl tUjJJl :JjSl vM' 


.^jALS~ A>-j.5 V9 0*\_C Orji 01 jA 1 ^ g '..i <j^(iil 01 .A&JZ j£^l\ 

# 

.ijS 'Jij X>rj.3 ^/ 5 L*LC ^joiLS^ 4o>rj^ jU 

•200k 360°R LAji-Xi* ®jlj->- -90°R 50K IajIjX* Sjl ^ ,, > - 4—?rjo L)i 

^|^Lio . /g 3*x*JL <^jj*&\ cK l 5^ <J,i °R j l£^ . 1 

jf c 9 / 5 i-UJb otji&lj cA^* Ji K L /'W^* (JLp W _} <s\ Jj c^^U^ 

.w* 1.8 

jl oju?’*' lil .l-X*- Sjj^Jl olf.1 j&\ (j ^La jiJLTj Oy <3y tfSl 

0^-i 4 16.7 doJo>o c°R O^L* 30 cjJjLaao ^j* c3 d 

,^\i^-^j •^■ipt j*_X>«JOo L* |Jb-l ^.w j 01 . JC 

cjj^jj^ o«1£a 

(j 4 j j^lSsJ'yL (jl?Ul ^1 UJl jja^ 4 (j ^ J-® ^ (°F) «jl j >*JJ ooti^f* 

0j . 0>J*$£- (J5 < ^*'LA | J , 4-w-jiJ 4^-ji O-oLi j 4^rj^ 0l . O.X>w; ll oL>Vj| il 

(JUaSI JjL-JI f.lii OLJp xJaiij c+32°F ^Ja-^ c£ y~** <3 ^lil uJb*- jlX>-j.> 

.+100°C su-jjdl +212°F ^jjd! Jiljjj c0°c +32°F j-ily .+212°F 

,L»yiJ -459.67°F jJJai^ A-Ai <>-c^jLaJ 

^1 o-oLidll jo>oil oLjL^p LpjXS^”S/^ djljol-l ooLA-^ - oj 

X>rjj> C c°F 00Uj^iiU AjJu> djlykl X>rj^ F" .c3jJ»I UjI jj jlaJ ^^ >cr £l*Jl jl 
4 x«A' «3jb ^JL>Ow-l t°C <jj °F £j* Ajo>oU 0-^«Jo>-l lij ,°C c>jJ^a ojl jiA 

F= 1.8C + 32 

oJ-* pJ->«jol t°F °C < j* y^\ A j>*j} o-=*o>-l lil 

C = % (F - 32) 

V} t(32j t%J cl.8) 3aii jjy*U Jy*J j jl oV^Ui) ^-XA ^P ^Sj* ^ J* 

.oL> ^1 jiJ'i kiJJij Ls^Lj UjLipI 4Jl 

£j \jZ (^1^ j^A oU-jj xloLJUjiJ (3-11) 4j*^v? jil o*»ljJJl ^1 JjSjoI 

J^ij +150°C j-50°C 

c°F 30 c^jLa«j Ul ^s- jTj> ^ djl j^~\ <>.-ji ^p Jio j*>o L« L*j* p 

j oif.1 ^aJI o_AA cLj jA> ^W^ 4 l5^ j j j—^o 

.OoLij-§3 ^-La* l/* 



ol jJuj )akji \\J 3 j 1 ji~\ brjZ : 



4-ujjSuII (JjjajII lIjUIaC- <Jlj$ e^A fl.YViJ :(3-ll) 

• °C (ja jJ>m\>h11j o ajl^aJl lLsL^jJj °F <■" \\\ 1 jfriHj aj^La ajI^aJI 

(2-11) Ai— 

?72°F Gjl ^y*6 j*\AA d^l 

(2-11) J* 

cjU^ ji]U oj-Lail lj\jX -1 ol?rji ^ y^ SJjL-Jl dju^ajl tiJL-Al oJla 

' %< y*Q j»\jL* 6^1 J>- 

C = s / 9 (F - 32) 


C = % (72 - 32) 


a»i_& <J5 4jL® i^UAj 


= 5 /o X 40 = 22.22°C 


t^jmj .(jy*LA < jy*Jj) aljajc* J>-JLll OjULj jV Ja-flJ <jy*lA 4 -jL~jA-I A*UjJI aJLfc Lj^> rl JUaj 

.22°C ^A OjJjL* djl^-1 4^-ji jl ji ^jja***) 





(3“11) iiyu 

?80.0°F djlj^-l 4 j>tjJl 1 ^jyil^llb dj-UL* djlj^-l A >.-ji L» 

(3-11) J* 

pj gi I-La Jjj^ ^ ^j^lj <jl C-jli j^iJb W j^l Ji tijfyl 6 -La JJ- jbij y? -L* y 

.jiLT Jl pijJl 1-La J>y^ f Jl c-jU^iib 6t\ji\ ^a 4Jliil ,y L—T Jl 

.y^P ^L-P j^jlj t—.w< saI 1 4J^/ 4-jliil 4 j4jJ aJl J l_LPi 

Jyi£ Lili t°C jj °F y JjAjuL-JI Awjyall ^l-U>xi-*b 
C = % (80.0 - 32) 

= % x 48.0 = 26.67°C 

obi ^a]I <3_yiil 01 jj jP^\ a*L—p jl^l L*1 p IJia b*Jj yu ^1 Upi 

,jJuLJ\ Jyjj\ ^ jjT! OiiiS^O |*j^Jl .273.15 Lib ^jU> K J °C 
3jl>t ^ jL' K cJlT bl ^-Li. J* Ul yi 273.15 53U! —£ Jb_J6 j 

bl t 0 TysiSClL> 

K= C+ 273.15 
= 26.67 + 273.15 
= +299.82 K 

J yia jl »li j\ aS^Jj AjtjJL* ^>-jj! oLjLj jl lx. .jjjJsi\j b*jj <yyj jl ——£ j'i/l 

.+300 K ^ jyil&L ijjii. JUil&l 3,1>1 ^ jf 


SjljaJI 3 ajJ tliljjjb 

t jl 4 jLa>» pJbu . d^lil y 4JLjP ^Jp jjJail JaicyaJl jl p^J-l Jbi- yJJ jl djl j£~\ 4j*-j^J 

.{£^>-Sfl j^bc* ji^l ^JL«Jj j^btll ya*j jl 4jLJt>-j iL^juSe--^ -Up ^-Lo*i> j^l*ll 

JaLualtj iSjljaJI 

* * 2 

-UP $.IpjJI jljJL^ ^Ip JaijaJl l-bIjb j* 4 J ^ y^P ^1 jbiil y 5-1 —+£ J-UL—*» 

* 

{.Lpj o-UpI ^jSsJio .jbJl ^* L> ~ t j^g^ cby* tLpgi jl5" lil .djlj^-l 

Lj>bii^-I lajtjaJi y?Lai^-l ljUJi JLjjil Ailjal jj^ I dLsO «.lpgi cbbt>rj jbill y A-—* 

<bwJ ^ ji) jbbl ya.w->l £ Ijlp {£ j£. wJLyg C-LpJ jjb^i jl-^ 1^1 .djl^—^l 4- >t-j2 ^5 

^ ^ j , * 

L*-Up djyu^Jl ja,U ^.I^jil 4 _JLp 5jy> j-Ll^LIj .f-lp^1 ^ y?'* ^ ll ^y^l ■ . fl^~l j^—£ —^rjL>- 

.ily y?r°£ ^J\Jl» A>- jj ^jP jLxil j>btj^| 



Olyuj lawiioitj 3jl \ IjJLp ^£$1^1 J.iA&ll 


JaJwaJl jJCj Mj 44jM*JI (j JjL-JI frill ^ *M-Ji 4*1y ^£S*"l J^Ljtu Jjly-Jl *-3y2- 


4>- O 


-• •* w j ^ w w — 

y^Jj .^liu frill ^ lil l^alii^-lj djl y l-l 4j>rj3 ^lijjl) 4jM*-il Oljw\>- ^ip ^JUl 

o j\j^~\ y^l^A* J-oj*j l<A^A^ .^JJ^ii JlJL* yA ^Jjjl .Jup t frill yP Ajiil^il t^JjIy-wJl ^ya _ aj 

.^CJLoii Ja^jJl 

4s*rj2> UJup yaliSj cojlyi-l 4^-y *-*£j l*-U p U»L*Jl 2JU-I Jj UJ-saJ! .i-U»j;—J 

0L*JLP yS^I iijjul* jJU> Ja .oMl^-l y« (3 yalaxilj .iU^lJl IJa Jia-Mj V dJ—3J .oj 

M cJl !^2 JJJlS"" 4-i^ij ^JaJl* ?20°C 4*y!l ojly- 4a*-y jU jup 4jl* 30 C 4*yJl ojly 

cJuSC* ji jy)\j ^5 o^jJ ^Jl toll-yyJl (j OJjtll UjIjj 4 «laal l cyf^Jj .y^al! ^JIj 4jS/ (3y)l <S y 
4jja3 Cjwsj yJ .yP^I jJbtll y ^iS^I uP.flla ^j^LUu ya la«i jl l£-iL*> JL>-1 L*JUP ^iJLlij ifrl j — il 

.L^Lai^I jl tyliill USIy LU» tiJL^jr tjL>- l_-^ y tyylb o-l$5^ 

(STP) JaLuailj Umlj a t l SjljaJl 4 a jJ 

ojly- Ot-y £yyJ jjllij t(STP) Jak+aJij k^LkJi kjiyJ-f 4?rjJ f.LJL»Ji _P 

l yLyJl iSj^~ Ayri j£ 0• Ia-^-AJJ ^^sS m y^: OjL^LjsJl) jA 

* 

. L>l^r 0\£*j ^ 5 ^ 

JjL-JI f.lil jl^aJi <hkj jl ju^- ^aJ ^a»j t(32°F) 0°C ^a ^-LaJI 5j!yi-l 2_?rj^ 0[ 

.(30 in y JJLaj Ji?) 0.760 m <pUj ji y ^yip iai-> J *jus> y LaJI Jai-^ail 

1.01 xlO 5 (Ji yy t(lb/in 2 ) (^jl^) 14.7 oji-xi* IU*h> jJJi 

.(N/m 2 ) (Vjl' jsIVj 

-Up ,<ui jyyM LjS/ c<L*Ia 01j .A^iAjJl jji> j‘^1 

* 

C-wo- frill j-Lj y]j JaiwaJl y y^Jl; yiJ yJ tO-Lw- yy j Jaii yj yi y j— Jl 

Lj jkj jL*J STP (j <-3l^rl frlyll 2ili5^ Jl Ifrlll y ^jkj Jj tuJjy 4jt*lyjl frill y 2jjlil 4 jL^" 

ai y i4.00 m tyU;jly c4.00 m l^y j 4.00 m U»yi? fr'yAl y 4j^ai Oy . 1.29 kg/m 3 

c(Jjj\j) byKjl Ml? j 182 Jl y? jS/l 2*ji>Url Ja>- (J LJLp jJJi ^y .82.6kg to ji -—^ ^ j—> 

.-Lar yjo- ^i ^Ij J^j 'djj 

ij j\ j*S\ qoHHA j JXuA 

ySOj u^iall 4 JU-I lil .djlykl Orj^ ^Juy L*-XJP J5XoJj” 4O^L* y UuP <iJL>Jll 4j( ^j ^1 

^jJl Jl^l (^yy Aa;-ji 4^—j ilj ^y>-l <uL« /? y^« ^^1 4jvsll ^L-^-S/l yaju 

J^Uib yj-*JL- iarji JS^J (j^jJaiTl ^-Ua yP jl cy y jl C^UjjI 4y J — yj 

jjdj 




SiOJill tUjJJt vUl 


OW 4jI 5jjfc <L>\>r £jA (J jAka <Jl^ i! ^ll ^ la > ^ lilj ^J*/*l*li ^Jr^i 

‘^3 1°C jUac.Sjl>l l*j> Oj^j lij Lk-J Ojou ^flJW=> ,^2-^1 JUtJl jJCZ^ c2°C OjiJ^-1 4 j?t j3 

jl AjL^JI (j U> ^i?l ^vV" t^jUS*" 4-Jlp Ojl^>- Orjjj IjJjc* lil .3jJb- ^jaJlj A>-jj 

^*j J JULj ,Ap\^' 1 - A * . J^ ^ i. ^ L ^j^z> [“c, 

.SjljJ~t 4*-j3 JjiaJl <j o^Ljii jlJJL* ^^iaju ^Ji 4ja y »Jl oJlpUJI ^.jaJ 

iT* jI^AjILC. Ojl^^-1 Orji yJnj ^cjUJI ^A^-\ «X*Jl (3 $ U^S*" lil t4-*lx]l 4JLA-I <J5 

J !» 

^Laj^l aJLJl l (^jljJ~l ^-*1*11 w j lij id jA (^liL) ^lajA-l oJjv ^ 3—?pjjjtj) 

<Ltal>tU dj-4 c((X) jywaJl 4_ij^-L 4-5 J-*jJ 

a = s/(dT) 

£*j ^P pJ5«JJ .^Iflj^i Jujl L*JLLP ULw Jbuil ^bjJ L*JUP L- >rfA s Ji »«j 

^ jci l 4 JL»w .*_*£ fljl^^-1 0»*br j3 ^ysa>- £ T djl^r^“5 4^rj3 (Jj yj txi] 4 aJ»t 

. 7 1 5jl^sM <t>!*j3 3 

6j\*S’ (3 j5-^*V5 j ‘P +£■ j* o-jaAJIj jx!\j ^]aji-i %Xj^ 

,/°C ^ j*j-3 4>-jjJlj 6jSaa a*<^JI Qt/a’i JULj 

(4-11) AJU 

^..j.ifjSil viJJi jl ^joji I .20.00°C »jl jJ-t ^’’■j- 3 t3 10.000 m aJ^Is Liiw \ ■■ ., ^j« jy^j 
<tJaJ-\ JJU^U yjjl>1 J^Uil yk L. ,25.00°C Sjl>1 3 10.025 m aJ> 

(4-11) J». 

5 kiAJaJ .5.00°C j'JjL:. »j'jJ-l ^jj s^Lj 0.025 m jl-ii£ y^jl l li* J_j1j jIjjj 
cSjLL-Jl 4ju*a}\ 3 . T — 5.00^ td = 10_J c = 0.025 

a =0.025/(10x5.00) 

= 0.00050/°C = 5.0 x 10' 4 /°C 

,5 *wJj 1 j i5+ L*J jja 

(5-11) U**« 

8.000 tSj^i V\ olil dJLfc y* l j&a *^-5*^ o^li cl = 2.50 x 10 4 /°C ol (j^j— 

A^rjUjI SjlyL) 4^-j} «I. . aji'£ -\ lil J^2 O.30.0°C 0 ^^J 13 3 

?20.0°C 


(5-11) J*> 

,j-* i_~*^Il ^Jj>- j* ^ j*- J_)l» >i0' 3 .Ct i_ijy*j 3 i«iS^ 4ji>->L« j*^ll {j* 



Ojlji-l i^JL p J <tf all 


. { JpjU ^JUlU (^jlj3-i ^bt*JJ liij jjil**- o^lil o AA 
Lfc5^ a*JI 3 ^Jc]l jl4 Qua-; (X ^J^bt*!) 4 jLjL*J! 4-*l*Jl y oLpI Ll^jt 

s - adT 

* * 

01 If. ,(^il>) ^1*4-1 -AxJl d ^*-J"0lj) ®jl T <—,■.. -> • 

jt <8.000 J-uU ,.«&» jJU-l) 2.000 m y> d»^- j£J J J/>! 1 J>JU r —A' 

Jbiljj t f = -10.0 0 /j 2 JUJJ ij\>1 01 U .(8.000 7 ’ 

a = 2.50 x 10‘ 4 x (-10.0) x 2.000 

= -2.50 x 10' 3 x 2.000 

= -5.00 x 10‘ 3 m = -0.00500 m 

2.000 - 0.00500 = Oj^w-» 20°C ^ i^. U ll <—* 3f~ Or * 1— *^ <51 

0>t U.j . 1.995 3 = 7.940149875 m 3 j/U 20.0°C J vUil pU-LJ .1.995 m 

.7.94 m 3 (_)1 Ji\ lJu& t oLa o-\JL* oULj 


SjIaII CjVIaj Sj! jaJI 4 ajJ 

Jajujg Jj..;}?" jl jl ^A-«lJI j^p (jj ^>-1 $ L-Ab ^jA l£ti cLaAj^J jf oaII (juwo -Up 

aJLM Jj L*jup *>\j> U->JL^ . <JU~I (_) OL^S/i <3 ^ ♦ C /A»b i* jl JjIj—l* 

. jL£ *111 L»-UP jl (Jjb^ *L» ^_~LaJl 

•laaallj (Jbjill 

io(_)** ol^^* ^5 ^ L——J ' ., <3< 05 l—jl ^ .^iLl c^c - Xa I I 1 * .h j j *i i^ L) —l. iii) 

^3 OLf” L^S"" L-*T ^^**3 Aj 133 . L^LC 0°C (J>jL—» 0 jO>«Jl (3 A^bp Ojl 

Lfj^r 4j\ .jJLirl 4-*Uo bf £jtil 4^Jlo Aj\ . btUJUrl OS/ tfllU.-li (^Jwa_1L* 

.0°C C^- 

-UUrfj ^Tl JfbJl ^ll! V -J .lj\j£~\ <*rj} ^Ujj! jl y ^JL-xl ^-4 ^ 0 ii)l i-i-A ^;>|/3j 

of 7^-^, .Jjb^ J^lij 'bLtfJ (3 ^ J-b ,0 O C .Jii ^_J -*2 ll 

y ~ 

^jLli ^tJjJb Lj ji3 ^uL* 0j^x-JI yj ^L*aJl j A^jjdl 3>! (—aJIj Jli .UiJ^X* 5p *^*o 0 O 5 J ^ 

Or! I^jLaJI ^ yt*j 01 O'b/l oJb^-C .Lj jij US' c--jii aj LaI j ^L^il ^3 ^j *“ L»jLl_pj 

1-Ui-y \sAi La-Up .-ULb-l w>^-b 0°C ^|jL—J l ^Li.1 ^a*x**> . aj>-L-—J b 

^bajjVb 

<3 tU\ Ojl j>- 4o>r jJ5 ^jI ^Liij L fS&2$\ 7V-AJ . <bL& J b* ON^ jL^Jb JL^ 

^b« UjU .0°C -XOjiri lA^ Ojl j>* Azrj} 0| . A^>«Jllb 0j^xJl\ jU<3*M iA^ j j .0°C 4 jL^JL . ]l 



JijO&Jl :JjSt oVJl 


* * 

(j lit) ^Mfl)aJ' . 11*0 lJl*L>r L*l>JL _il «Ja_**» ^_>■ 

t f> * * ^ ^ 

4 >-jJ> IJLJ tLiv? IJlW ^ISsJIj ^Ja*Jl ^ ; ^aj liL>- .(s-lx-i lJL>r ^j\j 4 Jl*JL_ll ^)u» j 

*uij c-JUaJi j^Uri j^uji ^ o°c jxd&cAj tO°c ^ u ji <>u^l 

.0°C ^jUU 4 Sjt j>- J1 O^'-J . juLA 4 Lc* ^bjT . JjLJl 

(^411^ *XjJ3rl ^ip JasLw-blil £tliil A^.^S'j d^Lw«*# ^4 j2jLl^- ^*1 ^P ^lp 


4>-jjJl (3 L*-XlP djl j0~ A.>r L*LC f.Lll djlj>* A*>-j2 ^cjil ^ 

A*rj} j-waj .(4-1 1) j £W»<^>^.1 Oj' Ajy-jl jJJi {j* .0°C 

f-LLl djl A>r<^JfL &^5 j £I 4yfli>«JL* f.ljil djl j>- ^t^ajJ $1 <3 ^ipl £.ljjM djl J>> 

.-L®^v*)l jl 3 ^jj4JI JUP 


pLoii s j\j*. 


C-Lftll 6 J)\ 4^kJ*2 


c 


c 




SJja. Aajj ^UjJ (1) . .uyij j U^jfr fUA :(4—11) JlyiH 

.fUA Xcauj 4i*J SJj* (jiliiai (ui) 


jL^jVl SJj* 

<jl ^1 _yjl ^Lp caIjLJI 4 JU-I Jl J y*zb 4iUail ja isJjZ A^S i-JUaJl otLl ja <X —^P ±l \ l f ~~ -J 

u* ¥ (^H) U?^ {j* C?' c) —J Jl ^ 

f-U ^ C^Jlil -i-Uri 5JU“ (3 •(<^*“^ ^Jj \ U-ft j^l-«ii |»- 

a^-jJj ^UoJl ^jjLwJl (,\1\ 1 g til 0°C ^>* <*-wuUrl ^ 1 8 jji80 cal il i .tg : ■ » . ,> ce3L^? 

. SjLLf jl^*t3>i o ^P*AJ j jt**! ®4a djl 4-^5^ .0°C fijt j>* 

14^* 0°C d j*^ ^JjL-JI f-Lll 1 g lil t^,«5^l»il jjjLja**— il (3 
ji-jcil (jj>r iiJJJil .djlyl-l {jA 80 cal oi-A j tO°C 5jl j>- 4^-jJj IjlIa- ^w5»Ij c r JU* 



iJ \^\ Cj\jMj j 5jl j^\ X9rj* : yt*p J^aiJl 


ay y yLS3l» Uaj\ ajly- ^ js-xJl (jSo: .(cal/g) flyJl» ay^A -\j jl$-*a—>Vi ajlj —>■ j —P 

^IopSU *jjL~» (kcal/kg) a SJy jfi- ojsJiil :>lopty o jS^j (kcal/kg) f lj— p yL&b 
<-~£ tfrlil jjP <_£ypl oiL* AUail oilil jj£o L*JLp .il^il (Cal/g) jl^yai^l ajly- ^—P Qj>.. »ll 

.ailil (iJiJ j\^*,a\\j JU>t aUjLj <LiJld! <J 0°C Orji JlJLl**l 
oyy>“ u* ^ (cal/mol) cJayjJ-b 01*^1 ya*J j jl^-^\l ajly- ^ j*-—*Jl j—£ 

<_£yr Aif Jp o' v*£ <■JayyU olJ^j ^jP j*>lp')|l y£ jl 111 —*Jl> 

ailil ^y* A^P ^y aiy^til j\ 4ilvall ojly^U Uyjj hf (flyil» ay jJ-Ij) j\$., a >NI ajl ^ liyj bl 

0 2 

I^^Lp 4JI1JI iUy^aJl ^yjj bl tW y j)Ij (^1yilj) *1^ Uyjj tA y jJIj (ay j^-Ij) 

h { = h/m 


(6 - ll) AiLwfc4 

1 g"l^T a .3 ill oJijb y 4 JU 3 aL 5"~ .Jj£ .+400°C 4>-jOjl <j J 4^**^ a^L* jl y>yil 
yyil . 0 y-*a;l j o->yu" JLi *Jb£j! aJu* j( yyil .+400°C <*■ jOJl J 1.535 kg 

U .+400°C J JJU Jl uri^y-j odlil aJu ajIUJI y 142,761 cal u£l^l uf 

oijfc lj\J>- ^ 

(6-11) 

Li^P IgJLy«xjJ jJL^Jb 4ll^j! Ujflpl .olJL>*jJl y -XS^Lj jl _j£ tNj' 

^lJb ^-1 Lu^j: tdJL13J .h - 142,761 cal LJapf .m = 1,535 g .1.000 

. &j*s* L«^* 4j3jLm3) 

A f = 142,761/ 1535 = 93.00 cal7g 

.AjjJl ^jA <L>!-jjJl oJL 4 c-jULj l)V ^I5ji ^vj' jjjJcJlj c- A yV' Uj y J3j 


uCissn j 

+100°C s-ll' ajl ^ *>?y 0| ^y Aj*)Ip ^y^ J l+ s > - Oijll 2j*j Lp^ 

4^w-j ^-w3L .ajlaOjjy j!I oLiillj till I-Uj .Ojw uLiiJlj frill IJL__j 

LJl .iii jUUl pli' jr J* \j>.\ .+100°c ojl >1 ^ JlS cjS^j .Jit JjU» frl—Ll 

.frill jlaO alJj-jl^lj frlpjJl y frlyll J5^ ^1 ypj ^ c jLliJl a*L^P frU?l tjL>uJl IJla L Uarl l 
.frill JS" ^>*y Aa; ^>- frill t^Jlj^5" j^jjy tOi^ll ^ y*s «~ j 

^JapS/l c^oll <X*Saj . + 100°C jlaxJl ajl y- A^rji jt^JjLJl jy 4*^" y^T $.li*P-l 4 JaJ- 

j 

.frlpjJl aJjIp 0$yr ^jlp'J LS^ 



SiUj&Jl .-JjSlI 


U®Ujiv»jj Aijll £-• if LpjJl U-L*,? lil *J U o^fl I_^ 

ji jUJi Lu ,+ioo°c ji 4 jugi ij A?rji y£,A.>cJj *2ji\ frill Ja^l jJ^I 
d\ s^oji ^ jSOj) .jUJi jr cjjiSo ^ cjui^i .+ioo°c jjuji fr iii ijla 5 ji^ orji 

G-Ia AjLi jAil) d^>«3“l J>-ta frl^Al CS* JJ^ (IaI^JuII L» .Aj^IaJI 3 frJ(.£1 » Aj lSvJL_j 

A>-p I^J JS”" lll>- j>*-X -1 1JLit (3 Jp*> la^y-a Jlp J£bbb\j Aj^ 3-wJl 

.+100°C op u Jl ^U^Mb JfbJl Sjl>- 


J»iP JaIS" J^-£a frl^Al Ojl frill djl ^>- <L?rj^ ^-*X) V j Ig «^3) VI aJI?- l- 

frill djl j>- ferp tdlil y 'i/jj .+100°C y a-j y «jl j>- A*rp 3 OjpJl jl - lil O^J. 

(<*—<0 ^.mjiJI 3 •frl^^l il^jj cl ^-^M-flJl 3 »(5 11) J^**JI 3 (3^"*“^ a*j*j ^ 

3p’Sl^l ^1 jll ^0-J . jl JUj b»-UP frill Sjl J>- A>-j.2 0;«* .frlji>l Sjly- A-^rj' 

fr 


ebJl Sjl^^. Aa,jj 

c 



(') 

tA a 11 AjjjII S jl j*. A^.p j|.ij3 (1) . 

. c_fljl£j4 frbttJI J.a-Jj A Uj-v 01 4 n \\l o^l ^ 


pLall ‘bwp 

c 



JsjlSajj La^jc. frLJI :(5~11) 3 ^ * ^^ 
h. AA.p Yl ^L_l^ *c^*4 L^bjll frbftllj 


jM' SjIja 

ur^'^ OJllj tAjjbJl aJU-I Jl J y*zb ollaJl ja IsX£- A^S aL'LJI oilil ja ajIc* 

frill £jA 1 g Jj J^xli Cfrlll aJI>- 3 540 cal 3ll^U*o .juJU-l ^y* (_^l 3 5-3 III ^OA Opr I jj A- Sl^| 

A-^Jl oXa jJuj . + 100°C djlA?rjjj 3bs^l frill jb4 ^ 1 g Jl +100°C frjl J>- A^rjO j Jjb- Jl 

. ojllf y^-X jj iljll 

^-j-M^lj J^ - ^ +100 O C ®jlAj»rjJb 3bi^Jl frill jb4 1 g li| C^mS^IaII jJjILa*J| 3 





5jl^>- iSj^ •*jl>^4 540 cal ©j-ft <J Ajli c+100°C ®j^^>- <>r j^j ^JL** $.1* 

jL^JIj UaJ L$jp j^ocJl .(cal/g) fl^b 5jj jJ-Ij jlfvsu'yi oIj^-j —> j — >yS\ 

,*\ ^ii cal/g fUjt» Uli L^jjj (kcal/kg) f'jPjL^Jb «j—j y 

diL~ lJu^j/(1)LLp AjbJLj +100°C u j£ tf-lil jjP c£^>-l o.ab» A-ixil ©jlil j j-Xj L«Jt ;—p 

.©^lll 

djj j^-b tjL^vsuN^ y~ aJL>- <3 <3 iS j - •£ 

* JK 

.SajLJl aJUU JiUj V ^Jj .cal/g ^Uj (cal/mol) 

^ A^Juiil jl 4iLiail lj \^>iJJ bj^j bij t/? v y jJb (fy^b jJ~b) j— 5j 




li; 


bl 


aJUI aJu^aH oU t/w y*jJb (fl a-ljJI aIsS”* J,i bj^jj 4/7 j- - jJb (ijjjJ~b) <blil ^ 


A„ = h/m 


.hy a^-jsJIj hp Lw ?y Ul <, l a> jL^vaj'i/l y~ a»^j L^l 


(7-11) *JL- 

(1)JJ S^lil G.U& l#(1)1 j £1 ,+500°C djl^>- A^rjJj J ^Liu d^L* (1)1 ^1 

L» .845 cal/g 0 Sjl^p- 5^_» d)l .+500°C Jj1~“ 1 67.5 g 

J3LJI ^ c©^j j>- jJL^J\jJ ©jj©jJul* Aj jllail ©jlj^-1 y 

(7-11) J* 

, ^ 

Ajt«^jl jl ,p! yJU d^j jJ-Ij ©j-Ia< hyj ^ ytl^J IjXcla YYl _* Aii !y * L j|JL>-j 

tiU-ij ^LaJ^ ^jSvjC .©Ui»C4 y-\ Cj\^S a]^Ju (©^J^“^) h lgJUj£ AiU«Jl 

:aJIi)I AfcwaJi ^Lp J-ysa^tJ t/W A^JJL ©IjLjJ 3J*^- y* 

h - hy m 

^IapSH ck- 51 Cr* 

h = 845 x 67.5 
= 5.70 x io 4 cal = 57.0 kcal 

y A>rjjJl ©j-4 dUax> jJi oULj 0^1 tA^bh ^Ujl Aj^Aj J,[ jJ jJLlllj y>\ Ul* OJ yJ 5 lc 

.Aijiii 


iijg&ll tbyill :JjVt obit 


J ^ .J b a!***! bjl2 ^P 1 " -^1 bl oJLj^ 4.^. *7.11 0 0 jj j A»ll -L ' -p ^ a '' l-X£ (j$ .11 Jl J P 

.^bSOl SjU (3 d.3^>- y* 4j^>-S/^ Of Ulp 

jUJl dji j>- 4*rj$ { J?\Jl£-\ b_~y~J jJ U^" ‘ 1 

.jUl Jl 4j‘Up (a) 

. JJL- J! (b) 

.c-JUaJI tU^Jl lS 1p JjIjI* Jaivj jJaJ (C) 

.iJU-l jSj LI IjLp ‘Ll-J* ^.. 4^1 V (d) 

Of ^>1 .1.355cal/g/°C S>il tfjl^j . JJU ^ 1.000kg ^ ^ j .2 

#» 

5,420 LajIjX* iiLl» JU <^y- 4jl_j .+235.0°C yx~!l «jiy *»-y L*lf ^jL-j ^jly- «—*• y 
ijl^J-l (J-JaJ -Aju frU'yi J JjL*Jl Sjly- 4^-j.S .djly- J^-i< J^b*!! J| Cal 

•+235.0°C ( a> 
•+239.0°C (b> 
■+231.0°C (C) 
.oUjlnil aJL* ^ y> l4l»~>- Jy^»^ (d) 

(BTU) iijJ&f kj [>' ^ y> -3 

.SJylil 4j$Jl 4iUaJt tUUaJl Jpj J-Ajl* { j& yu (3) 

t* 

.LjUaj^j (j c.LJ-*il I ^ L /3aj ^Jl 0 jlykl (b) 

. 1,000 cal (c> 

** 

.i^iUrl bLxpl Lfryj yt3 dJJ-iij jjjl' -b^*j (d) 

jy 4 jjI y- J&i*- iSj *■ -36.000 °C 4jjly Orjjj 4.5653100 m <j>"*** v-?* 2 —* -4 

>ULl y> U .35.552°C c-JVTj Sjl>1 c-~* .4.5643000m Jl v-^iJl J> y_JL5J 

—j yJ J^bb OJjdl l4i ^lai-l J- U . : 1 J ^jl^J-l 

•0.00225/°C ( 3) 

.4.94 x 10' 4 /°C (b) 

.2.21 x 10' 4 /°C (C) 

. L-A 4>-La1I OjL*J^1 I ^jA o-Aj-X#- *)} (d) 




iJU-t ViAuViltj 5jt ji- I isrji :t^aU-l 


4jlj 135 g <ojj oJL& b £ .+217 °C Sjl y~ ^l*j 01 ( j^^1 .5 

ijjjLt iij\ji-\ jlxL» ^ l* .451 cal/g »y-*o 5jl+217°C »ji -j>- < —•* 

?j*ir jsLi, jjlji ii» ^ Sijj^i <.ij.j>- jSSs\< 

.6.089 x 10 4 (a> 
.3.341 ( b) 
.60.89 (C) 
.0.2993 ( d) 

J! «ili jV^i »j\ y- jyio .6 
.{£jy J^-Uj jr ^®JjJ-l (a) 

OjIA^-jJj jLp ajl^J-l (b) 

.ajl^2jl ojl jA p-~>r J t i ^j A^j*>U' ojl^J-l (C) 

<* 

, I jLp Lfcj ^JjLwwJI ji/gj ^Jl oj^^1 a^s- j2 (d) 

jr&i. l* 3 jj*)l\ ajl^J-l 4?rj3 d)j .7 
•0°R (a) 
.0°C ( b) 

.0°F (C) 

L* Sjl^ V ^ V (d) 

SjlA->+j3j C£.IiJlJ| cju<al^* Ajl jJjLj i_i4UA*J jij-b JU-- ^ *J .8 

£j& V cjl ,40.2°C ojl^>- ^UL* jJLjjl j>- a*-jj C m>J .0°F <lS- t*-jl>- 

^CJtxll A-iuJaJl Ojl jJ~\ A>-j3 jt> £ Xii jJ-iSOj tC-jLiJl ^^ JjJ0>rj. Si Aju____vS> 

?Jot J^ liL. .40.2°C *1>3t AJ>*tJ jJLJ, c~pAi^I .98.6°F Jl y» 

. {.Ill { J**t < -r > J +*I . jJjjly>- A>rj3 C JLaj V (a) 

00 

. jJ-~uLj zyd jl Jjl£ ^ J Jl U JL>-I clJULa-J .aJu JLi vlJbJiJ" (b) 

JjUj .OtjJaJl Ojl^J-l *J>rj2> i j& 'lAJu AJadSfcl^ Jjjjl^>- A>“J^) (1)1 (C) 

3j! j>- J jik>- <j>U£l) JJj-xS ?^Jiiajc4 j aJU 5"L ^^Jl ?cuUi IM 4 (d) 

.^j-ftj jl (Jjl^- V ,<_3l*-~»'yi A3jJLLaj L* 1 jl^-1 

.9 

.+30,000,000 °F ( a) 

.+30,000,000°C (b) 



AjJLJjLJt : JjSh 


.+30,000,000 K (c> 

L* ^ipl °j\'^ r Ji ^ f^X* (d) 

3^j ^>- ^LSOl .10 

•°Ar^ <a> 

(b> 

(C) 

.Ja jwal i (d) 



wmm • 


JjVi «-AJl 


illfi 

l37 { y£ !3j d -^ ?r 4>w3l o. jLi^'VI l*i-£ £ +\a> Jj —p N « * 4 V 

<3 ^ ^y^i CM , c_*>L^Jl 4 jL^ <3 y* 4-J^rS/^ CM 1 *nIp 

lij y^ 6 j* xiJuij JJLSlc. i> j^SH j5^3iJ ^jJ tjU^^I ♦jr-^1 


• ’ill 


•j% m .1 


- r l>^<b) 


rv 


4^(d) 


V. '•' ' '%-'* ' '-*'*, 

.erg (e> 

Jj»- biljja j *** :2 


, - IWHi M .- 

4 j*^/\ d 5 ^ 4 ~mJU dL^^/U (b) 

.^-^Jt »W4 ^Ub (c) 

' 5 ] ^.*P .' ' * "'~ V 

•cr -^ 11 «>b>» <sr-> LS^ ^ ( 4 > 

•Cjj /*« ^L*-i *ij so^w» **"*t M (e) 

^ 4 -pU-s* a~*^S L^ip j^aMi ^ ^JUl <^1 .3 



ii-LJ&ll frlij-flll : J vU' 


.ik&l (d) 
.5^51 (e) 

fck- jA .I is- r Jt ^ U .(3.00 hr) oIpL- 3 £ 200 km iiLw. 5jL- ys; .4 

18.5 m/s (a) 
0.0540 m/s (b) 
54.0 m/s (c) 
66.7 m/s (d) 

* 

,ol»jlftl! djjt ^ bU^pl UL~^- ^ (e) 

il JpUJIj JpUiil JyaJl yh L* .5 

^Jptkl ^jJLuw V j jUa^Jl ( JpLoiJI ^jJLu*o (a) 

.dJk JpUiil ^jJLu*>j V ^ jUaJujl j^j jJl ^|p\jiiil ^jJb^o (b) 

.jjlta JpUllI k-.-'UaX) jVfSvJJ SiL* (^jJUl JpUJl i^Uaa (C) 

Lji ^UU ^‘L*£}\ JpUJI viki (d) 

. L*lc j <jjjJiJl *<j j* *x?rjj (e) 

VOjjJij aAi^JI jjy JyaJl j* l> .6 
4jiki^ s-U"! Lil V (a) 

. aAiS"* aJ ^‘Xp’r £jA y (b) 

. OjJ aJ J** t-yks- 5-4Uil 6yil ^Jb 5ll£jl (C) 

.*^As bl ap^1p aIi^JI (d) 

.^kri J jp yb OjjJl ca 5"y*U L* ^ ^p j^j6 ^ aJj^JI (e) 

jS c3>U *LU)I Silii .7 
.5i^j jJU-k ^y4j l^i> (a) 

-A-^ai>*J> djly- Aj>r jJj UbyyJ ^5vC (b) 

.5b* AjjliJl aJL41 aJUaH aJL41 y lyib- (c) 

. Jy£ Jj Lg-y*~w Jjp V (d) 

.jL^j^I y (e) 

a^J ot ypl ?a^IS3i AiilU ( 5-Liw yT .25.5 m 540 g p?r ^jj (jy a^\ yji\ .8 

.9.81 m/s 2 y >oiUrl ^jL-j iL^ 
0.208 J (a) 



J/Jl *-/Jl 


135 J (b) 

208 J (c) 

463 J (d) 

1.35 x 10 5 J (e) 

?Lyu ii il £Jl ,iAU SJbJl ol4-Xl ^ .9 

(a) 

. jjyJt (b) 

. jjyJlj OyjjJl (C) 

SIl)( d) 

SIj (e) 

Sa>-j ^ -10 

.aJL^JI (a) 

(b) 

, S^Sbirl ^jL*J (C) 


.ojtyM 


*»• ,3 


(d) 


.»%c-( Jjj if ijU. (e) 

»JLi ^a l> . 100.0 ml JjL-» y-* *4^ j Sji 1.806 x 10 24 -L*-y -11 

1.806 x 10 28 mol/cm 3 (a) 
1.806 x 10 28 g/cm 3 (b) 
0.03000 mol/cm 3 (c) 
0.003000 mol/m 3 (d) 

.liA dlla^il kljLtjljii! ^yk ^ll^Jl ■■■>■ ^5 vJT ^ (e) 

? ji -I tLiaili (3 3.00 * 10' 6 km ^il~* ^jyt> £^U-i (^11 ^ l* . 12 

100 s (a) 

10.0 s (b) 
1.00 s (c) 
0.100 s (d) 
0.0100 s (e) 
OyO .13 





.XbUJl jjP 4jaiill (3-) 

.4-oUM J yu>- (j (b) 

. I-Xj* 4.^2jX>w» 5jl j>- oL^j-Xi O^jjA.1 ^L*Or^/l (c) 

JJ^ Ji JJ J* ^ (d) 

J oli.jA-1 (e) 

jLisiJ'bli Jli> .14 

.^lil ^ J*' j£~Jl 01 (a) 

.Ojjb jf 4-/ 0j^ *Lil JA J\£ j ^U*U ^jJLJl jLi^Ni (b) 

Sf 

.lwb»!» djl^>- oL>rj-0 <OjjAl (c) 

•j*~ s jj^ J! JJ^ CS J '_^' ^ js~ (d) 

.«5Ut Jj_) ur tji (e) 

?j(jlyuM ^U>-iJl iju ^Lj .15 

km ua%* 10 (a) 
km 0^-L* 1 (b) 
100,000 km (c) 
10,000 km (d) 

1,000 km (e) 

^ U. .25.5 g AihT .0.765 cm ajk* cJwaj 16 

7.12 g/cm 3 (a) 
33.3 g/cm 3 (b) 
57.0 g/cm 3 (c) 

13.6 g/cm 3 (d) 
,cjU jlxit «Jl* ^jA UiL«»- }l (e) 

J (1)_J^J| ja p_~M jJJaul .a = 3.00 m/s 2 Uj1-U*j 4Pjl-j SL^ J—5r .17 

* 

<»“)Uai! iUa'f ^ If Jj I ^Jl Sil—il 0 2 ki~- ^ .^.g-,.~.A Jl^a * il >- * tt = 0.00 S 

?t = 5.00sik~Ul j 


0.120 m (a) 
7.50 m (b) 
15.0 m (c) 



JjSi |*AJI 


37.5 m (d) 

.oLi ji*i\ aJufc UU~>- ^ (e) 

tjUil f 0 sJl J .18 

N (a) 

.2lLT jl*jj V (b) 

JL Prji V (C) 

A g.*ii 4P^~Jl> (d) 

. A*—Aj dL^-V^f (G) 

aJ^^J AiUai^ AAAj <iJUL^J (JjjJj .19 

•JjJt' (a) 

■ j 1 * — (b) 

•J^-yj* (c) 

■ — f'A^ <d) 

.SjUil) J y>r (e) 

^jL*j L-- 5 "yT l? 1 p a^lA-I jljJ i _ r S J^L^j 3,55 m *i'—* J-pSO 2.00 kg *^ 5 " £*j 20 

Vj^«-lL) ( J-<uJl jlJii* L* . 5.70 m/s 2 a^oL*- 

40.5 kg # m 2 /s 2 (a) 
7 . 10 kg # m 2 /s 2 (b) 

11.4 kg # m 2 /s 2 (c) 

1.25 kg # m 2 /s 2 (d) 

. ol<jJLnil aJLfc ^jA 4jL*o- (c) 

d^*-*31 {j^ O^"^- -21 

.AJllib 4j> ji-\j (a) 

. apLJL j>~ jL&I (b) 
.apLJI* Btu (c) 
•f'>^ V-y*A (d) 

*yy^ ( e ) 

.p.Lii*»lj ^Jj \jf ^i^S' ^\ju^ jjtij .22 

.(%—J 4 ^(a) 



hjXjM\ ji : JjSh 


.j***Jrl (b) 

.^*Jr\ *kS" (C) 

-P—=M 4> (d) 

Sjly- ^y (e) 

.3*32 xlO' 5 /°C ^jlyU <L»U> 1.00 m *d^l» j-* J **23 

J> t20 ° C JS 10 ° C ^ v^ 11 Ji*~i j* »M 

0.0000332 m (a) 
0.000332 m (b) 
0.00332 m (c) 
0.032 m (d) 

.yiiy* Jj Jjt ibjj V !M (e) 

?^l^pjJL^Jb flJU ^jL-J ^ .365 ^xg S^lil Ojj ,24 

3.65 x 10 5 (a) 
36.5 (b) 


0.365 (c) 
3.65x1 O' 7 (d) 

. V *Jb£)l ^Li y£ <^JJl Ji>- dJLi jib JUIAJ (e) 

> J * 

j**j ol^ .25 


^ <Lii)i ^L-l5i-S/ l Ojy (a) 

, oJLaJ^ ^j C->^ -bJotjJ (b) 

,j.ir j£i, ay ^ a>i ^ ( d) 

.5jy 4-5 j-> ^ y- jJy) (e) 

yL-J- o E = ;?2£ 2 jjUl-jI yjai ySlc .26 

. ibL* — 02 L* ( Jx'LaJ y* 4yUl AillaJl (a) 


.*UU ^bJ-UJl ^ ;UlJi tfUo)l (b) 

.fjUoM 0-lnii £_> 4jot**~5"jSM J^biJ y> <4lJl iiljail (C) 

.c.lil dJL>-lj (Jl** ...‘Cjl dji ^jv>r Jj-Ly <_}y ^ 3 l 4UI ii^Jl (d) 

.^lil .UJ jj^xill <1^” (e) 



J jl^-1 


* 

.U >jZ 9.8 m (a) 

Xj jiJ 9.8 m/s (b) 

Xjj* 9.8 m/s 2 (c) 

.L jz 9.8 m/s 3 (d) 

.Li {£** UoL^-l AS'j*n £^L*-i GjUp • d ^-^ {£\ V (e) 

;500 g LfriUS" olil UK" Jj£ .+200°C J>- ^>rjwb -U^Sj y^^ a : T 0^t» ji —li' .28 

.jl^yail aJU- J djlydJ X#j*a Ui Jpj*\ 3 +200°C A*rj-Ul J —*J 

orjjJL J^K" - j£Lio JJL- jl l$JbUK" olll a 5LU]I ^ 50,000 cal Ul J? jX\ 

?d^Lil dJufc jl^ yail djl^A L» +200 O C 
.oU^inil oXa ^ja [jijjjX- 'y (a) 


0.100 cal/g (b) 
l.OOcal/g (c) 

10.0 cal/g (d) 

100 cal/g (e) 

Jl y*L<dl ej}y>- £tJJa^a> jwj .29 

.Aj jtijl aJL^-I 4jLjL*JI iJbi-l (J O^U ^jA A~JiA U*K" ^>*l] 4jjJj+ja}\ Sjl jX\ U^K" (a) 

. 4jLjU*J| aJLU| A<1 «/3 it AJii-i <J§ ^jA AJmXj* A y » 5 " Ajj^j.iPa,li A-w*K" (b) 

.d^Lil ^ <4Ul lj\jX\ (c) 
.^lil JUP ^ull ijl>l (d) 

.^Ul ji^uJ fjLp^ (e) 

^A tjUaJl ^ a^aLa^I UijjJl oJj>-^ jl ^Ijij .30 

•O'P (a) 

•i_r^* (b) 

.%.jjl&l (C) 

•J>' (d) 

(e) 

^ap^—J l as* j ,*.Jl jJl c3jiJl jA l* .31 

.UlK ap^JI .u^u” N j AS' J ~X\ jlou (a) 



bJJ£A\ tbjjiJl 


. jJJ:> ip-Ui*; ^ j ip^Jl jujju (b) 

.ctJJi ^jip iP^-u-Jt ■ < V j tdjJiil ^i-P ip^-Jl (C) 

^lp 4PJL«Jixj ^^ 4dL^^/l ^jip ip j-^-Jt ^ (_*■»>/ -LaJLuj (d) 

* * > * 

.tab? 4-~iJ _) AP^-Jl ^1*-* iiij* <jl -Jui -jj ^ (e) 

aJV-l. ;ol£Jl yikJl Jbo^ ,32 


~ ( a ) 

■£j.y iJliJlj ji* (b) 

.iJlilb (c) 

c'>^' (d) 

■j i * _ f , >A s ' (e) 

a~*P sJL_^» ^ L. .50.0 km/h gs* <_*!> l >^ 900 kg U^bT *jW*- J" 51 —s -33 

^6^1 ■ ■ w i l aJLa aS*"^>- 

450 kg*m/s (a) 

1.25 x 10 4 kg*m/s (b) 
4.50 x 10 6 kg*m/s (c) 

2.25 x jo 6 kg*m/s (d) 
6.48 x 10 4 kgvn/s (e) 

toll! 4 lk ij\j>- ^ L. .jL^VI ^ 28 Jt>Jt Jl a£ .34 
. CaL*_^1a1| sJLa ^jA VxJuSA ^j^JT 'll (a) 

0.100 cal/g (b) 

1.00 cal/g (c) 

10.0 cal/g (d) 

100 cal/g (e) 

,_jlp A—ii ^Ujj'ill 5.5kg iidaij 11,5g 1 j d;5 ~ ijijai -bliL-l (Jj —Sr .35 

ajji || U 

.yw»l jZ fi **-jit a1^" OV i fb* J\ (a) 

.jjPI S_ji t A^bS" Jc-'jJaJl (b) 

i ^ill; j^i\\ ^la—> JL j*g~* (C) 

,aa>Ij^p caI-x^j a»*L*-A aJ V (Jl^-Ji (d) 



JjSM jLs^I 


Jj ol» jJLrII ^jA Jbji (c) 

ui&lj ^/W^* -36 
,a~Jl) ,jjA\ ^LaII j* (a) 

.AiLj£ yL*aJl A^aij j cl^jj ^LaII <u[£jJu aJ (b) 

yLvaJl a] aij j cl^jj Ooli oL^jJLj <J (c) 

Jj/^ 1 JJ-^' <-5 Jr* £-'j ^J^xLwwJ 

* „ , 

AaAj djl ji -1 CjL^j^i ^^P JUP J-s^L* (e) 

?L*b aJUI oljUJl ^ ^1 .37 

. AP j*n ^ ^ (a) 

* 

. 4.*,** Aj AP^ liu* ©L^-lj L<ojl^ j%_**ot* ^ jLj ^b^ 

. Ljlj aL^^I ^ ~g?~ j>*1a A*^ ^^ <j^L (C) 

. 0 L 1 APC^Aj jJ ii j>*2a p-w-Jr A-J'y^ AP£^l**i* ^2**i <jt /jSv-C (d) 

. A-wo~L>> AP 

Aj^wjiilli cLjIjaj^L>- ®ji ^jA £^jzSl lil .38 

. A^**jjj ^ya.^.,11 ^jA li£ j^aj (a) 

. j-^p (b) 

■<£jj J*^' (c) 

•cSjJJt J0*]| j >; (d) 

Jjj If 5 jLp V _j (e) 

^jiJlj liL« .10 k jlJLiC. A3OjlA^rji C...«a"jI .39 

18°F (a) 
5.6°F (b) 
10°F (c) 
273.15°F (d) 

.oUjl*li o-L® ^jA b&L*^>. ^Sj. V (e) 

* 

Lj yAj jL~j l* jya:«S L^j3Jl iJbtJl .40 
(J 5 *—tijLj y ^ 3»Jp ^ ^a^ 

. d!jjJl J 3 <Ap (b) 

. lJjLi ^ 1 ^wlp (c) 



ajjJaJi l <^\J\ 


oUj^uJi ^Jp ^ y*£; (e) 

dl^Jl ^ja Jj>-lj ^yjji ^ ♦til y 3 oU^Jj^ Sjuw 4j^UJl £) _Lc .41 

?aJj^i-l djJUll J-^ail L» ^>-Sfl djJJt L b j^i 

* 

.tij *>U UL^- IjjJaj j £si~> (a) 
.ULv Ojj^S" <jjj| j ^jl*> (b) 

.L>-j^ jjj £ jjjl (c) 

. L-ilit j+aCS' dji J ^sZ*m (d) 

.a^tpt \J a jLp ^ j (e) 

ijs> j££- ^ a^^s-j^ a^?!»J“l . ®j— —> rj j "< l .42 

ipa< 5 y*- .ca?*^^ cs* —£ .j*fi\ 

fiLtUsb ^JL bf JS" .oU>ji-l ^ <^1 jt iiL>l jj.5 

Sj!^ ^tj&il (a) 
jSU ii53t iib&l -ilojl (b) 

.ay*«J~l Jlj-W ^jIp '-blj^* U a*v J jV' (J^Jaj (C) 

.(^t^5^ jSU i-^L-Jrl iib^Jl j>b^~- (d) 
jSU iJj^Ji (e) 


a* j^ 6 ^ d j'y^ -43 

.iilUil ^U51 (a) 

• AiUaji J*- (b) 
.AilWl Jii (C) 
.AiUaJl Ji^ (d) 

.4-5" jJ-i iiliail (e) 

if 

Ji^k) LUjJl iw=>yjj Laij jJjj y^-A iL5Jl j iiUaJl -L-J ji .44 

.i-bU-l (a) 
.iiUaJl Jij J JjlC. (b) 
,4Jb53l ju Jjutc. (c) 

.tj-^aj! iP^ ^(d) 

jL-Jl dwLio (e) 



JjSt v-Ajl 


t*iLij (^ii! SjJlSJI 500 W Jjai jaLil i)J.u>w4 £ *$\ jt>p\ .45 

V*.. w S ' <up IIJL* j* L. .400W Jj ^jA 4-^Jl^-ll apU ai^*V J 

0.800 (a) 

1.25 (b) 
80.0 (c) 

125 (d) 

«jjk ^ V (e) 

# W< J 

ofjfc tO l*^l*il dJjb ^^Ip taL>ipl ^^Ip dilil ^ .46 

«ilil «JL* u? oj£j 

•jU (a) 
.JJU (b) 

j»-M^r (C) 
.oJuU- (d) 
.jJjlUJl JA AiUT Jit (e) 

^ J jjJi fUiuJl (J 6jil\ oS >-J .47 

•f'>" ( a ) 
.^JoJi (b) 

JM) ^W< (c) 
.Jy-jL^Jl (d) 

■u^i (e) 

j* j jJl -48 

( a ) 

.^Uall 0 yjj* (b) 

•Ojj&i (c) 

.^Ua» djj £Ji (d) 

• Oj^j jy^ ^y "$ L -*^ y (€) 

3 A^fjjL Jj'UT j^iaj Silll iJlill UC~> oLpIj _ill *>1_<•! .49 

wLlp cJaju^aJlj 6jl yi-1 (J ^>- tiJlp Aa-jjL JjUT ^iaj of JL>-lj_ 

.^-T_ <j t$4a^%» 



4jxJL 5J( ftbjJJl :JvU' 


.5-jjUr Ja>- (a) 

(b) 

,x~S (c) 

(d) 

.5 jilt sJb- (e) 

5-b>-j (MH 2 ) yj* .50 

,ik£jl (a) 

.Uj-Jl (c) 

,4*4^11 

.o'Ae-\ ijj bf 5 jLp (e) 






m0m 


msm 

mk 


. 

tea s• 

v 


ig§fii 

1 

>1 







JaLmL4 ^ 


OVI jL>- . C j'i/l Jl ^r ^J^Jlo 4^jlj jjJtll jJl ^ g flT lil*!'" 

LfcJ» iC->L*~~^rl (^iJJi *i • *j-^W* L^ljsL*-^* (j^L ^ (^1 fi.L-5*Sfl *£- J l 

*W“I <J^J t^i UJl (J UT JU^aJ'Vlj t Jj lil 6 jUI slli Jt-jj ^ 

. o JL > - JL^-I »ap J^i 5 j t*-** jy*v < ‘^~*LS"" jU-ilf >U£if^Ljiii 


Jai3 I jU 

pJLoj .^L* 16 Js»UL*l jig.*- flA>«ju*L Lui (.Ate **^il 4~*jALl (j c-bjjiil a^l—l L—1 jiff &.„■,> 
tol (S^\ UjI \S~^ J^ 3 Cf* ^-•■*- L ^ f^Lil ijutej lu-jJU fljj 

utiiJ C-JlS" . W 3 ij^ XiyS. s,\j f-Jij ^ cl^i 

Uiajl Ju C.L(j -LaJt* f j*S c4ijJL^-i $.b j*iJ\j 4-Alxlil 4 jLJLL}I ( J>IS*" J* 4-AjA^" J>*J l LV '2'^'^miC.' 

. 4j f.lj j^^S\ ^yA> L* Jax> ^ L*j Lipo .d J* L-* a~* j .JL U jS' j& ^ jb?- {Jjl 


-<j jt>-^ -^l j <j^w2j j oijii j 4j _^—j 5ji Jl dji j— 4 oUjj—^siy < Jfe_n,»sy ,;_ 

L$J 0j£j <bl* jJ6 ^b ^-O .dji Jl dji Jlijl ilJ—Ll ^—*J 

.<JU oiS oU 

. Jj\-ya)l <Uaa)I y& ' S ' j-A djlOs-j^ ^Ijil ,ju &V 

^>-1 OlteiAj twbjJ-l J (ji^Lj^5" ^JL5U Uajl 

^iLl tlLl .<1 l*S|I d-U J-JjJlj .Uauf d-tps- Jiljj Jfl y~i\ Jam jy*>j .Jt^IPlj ~0^j& 

£-« - ' N \*te>r aApLx« oLiijJrlj oljjJl l)^/ Aa+xte J^ljj t • y*£> oljUJl jyxJj-^ 

.cIj j^^Li Uaw»*>L5li ..,^2 01 tjUJl Jjlj lil j .dyL-l J* 5 ^ 






Ul fjl* y>- (j *lii JUilff jtJaiL4 jSLi ^JLp JjlJi j O^JJiu7 V 

.oJ^il J5" otjii! ^ ^>b£ jiP :>Ap 3 dlb .(( 1 - 12 ) j£i-Jl) ij* Ji s> 

,A**byr aJL ajta J aJIj JfT Aijyta <U_aj olJjySsJ'yi ^ oUj-Ly yr 


Aj^. jli. AaijjjSJ] a ^iS 



A^jjjpSJ a j*j 5 


ujJ^? 


.^Jj^ ajj J) Sjj qa Jalill CiUjjj^yi J:(1~12) 

. JJjS Jlij -Ll. >O«0 ^JU4j]l I 

<Ji cJlaJ ^J! 4jjUr j! ajU- 3i C-oIj J&Jjj a / JS** jj *j t^bJi W? J-—£ 

tl^JLp aJ i0 JsS\ J5" jy tUuaJl b-* J olaOJ—?!-j bj .c— j: 

p*-^ bl -bL^f *lJLb J-^d . tJwaJl J (J? Lp aJjluII ol^SvU ^ Jail* ^ A^_lJU 

.|jj>r IJLpt JiUl jOc VJ .^jiAljl Jjjt* 4>Q ti*?r J^Jto olj Jj^j b'j ^tj aj jf 

Jj'j^ 

Vy£p LfcJlP <_<>./ail cJjjL^Jl Jliil (3 <^-A-MaJl ^Jp jtj& ya—>j bl 

* ** / . ^ 

.4-Ljw* J J& 3 I-***- ajbw? oUi^ f.Lil**\j cAJbj^>Jl oljLlil JjjJO aJL^S”" ^1 y pjT . Lfb 

c-.-.t.iLtj t^Us-jll Jilj .(Aijjw? Jiljj li*J) a.U*- A-JbJ jl^P U* oijUJl ^— ]k*A l)J 

^ja J>\ ^JS' clJL^ LJL j. fS^ )Jj[& ^lil Jilj .Jjl^jtU (Jj>-\ Ait*f 

tdwL^r Jjl^p j^Uil JL-W-Isl jSLiJ 01 .A-i 5JL>vi^ 0 ^Ssj UJ-LP jLl]l J-flJj 4 if 

.JL^ JiU yb AlSLto jJL*ll of JA ^J\ ^Jsr 

JjluJl ]a\j£s>-\ 4jLJL>“ /jA ^llg.^all lj-fe dj OL^-S/1 (3 Ajjbil a^lil ^P-JU 

Oy ajl>wJI 3 t3yjl J^Ijcuv yiJG l*jL« ca-j1joL>wJIj 

^j^*U iJi~.>~ cO^Ia^ILIS^ a^u*1.I a-j\j j^^S\ oL> jSCll ^J^ju 3 1 '* a^LAi-x^U ajLi^Al AjjljiJl ^!j ^ 

jl^ic { jcL i a^A jjf/afaiA 5y>rJ JLP .4^Ub 5jL>- ^l]iijL jjiJL: !l ^ Ip olijj ^sJ^l djJ i 

g « ^« > < jA (jylujij (—j + jl L-Ji^tj L. — *-J-A j\ ^jOjUj JJfj ,‘^PJJ) A^Jgisllj (J^aS "Ixla 

oll>wJl /jA ^jjJl 1^ ^jPwb c^ljl-P aila J.,caaT 



it jLjJ' :jJLp j\d\ 


oUjii4 

.iJ^- _L>r c J^iu b *^“ <j! J-^r J ^Lj< i jj j^sJLS" ^l^ll { Ja *j Ji: T 

-LSb^Xjl oL>^J^-Ll ^pJJ ,0^J^JC^tfcP (3l <Jl */t 1 i,r?lLS" d_-jl^*“it 5iLstf>^J 0_jJj—^il i*t> _*J 

^iJLij ^u»w \jSi aJjj^J^H c^tjlJJl j a^*La objliil 01 , clL jUill aJL^LS t $Jl4 apjJua—L i 

cl.Q a.a^-1 LiS" <L*_*i LAS"j $t^:AjLi cloLj! LAS" cA^jlill 4 ^-j c. <j3a£\ LAS" .jL dl 

.L^JiLi 

.(ft) L-^jf jq— 5CJl cJ> yL-lj OL^-S/1 3 L J^jO VL?*—*jLill ^1—£J 

IJlS Lfjf Li^Jl <_£^>-f Ob-1 0L>- S/1 {J***. <3 ft y u^b^Jl 1A_* 3 

4j j*-*0 oobjl UTj t i>jUil 1U oabjl US' t_*Sl ^jSfl HU e-IIS' US' .^ujLJl Ia ^_Lp 

3L*jLail 001 jl OlS^l j-ti l+a .Ljliil 0Of ^jL»^U a-Jl 3 d^Lp Jyai; . jLdl Jji-lj 

^P p-?fLll OIJlaaJLj lj\j^~\ $Aa ^pJJ .Ojl^>- ^1 2 *j\j j-^il 3iUaJl JlUjLiii oSl tAyai->«jL« ^~<jS/l 

# * 

^y j*>-LJl OlAiiil aJLJI 2 j^Jrl J 2jL>»jjl !±i^L*S/l ijAAstiJ . IajL? Ail!? CJ^/Li-l |*Ja*-* ^ OjUil 

djjai-l ^j^A-1 ol3 j^^l tjub jj u--~- jA lAAj .3iL*il 3JLi-jlj^$^1 A:>_^laA-l 3 4-*jUil 

. 5jg—Ssil LbJi cjl^wiJl pjoi (j 

jUfl 

L p § ^J->- -^J-P jOlil jU dd^lil <3 ^>«-**il y>- JbrjJ Lj-j1 

.<Lj\j 1 ^3 dA>-1^ ^Jbuu ^jA djlll i kJb *U>r . w ll A j ^il cL>>! - A~1 jl 

t 2jLjl oJu >-j OJULc 4ti-*Lj jj£}'\fl : jtj.ujj <3^J ( J>1 _j—>- < q■ J 

c3j#v<£l)i oli‘jiS/1 L**- — * . <u»p^il <U>« i*< ll ^ tC^lji-ll (3 c <_, 

( j-* ^1 ^S/l c-La .LajJ od-)-LS" ^3^yarll oVL3-l i y ajL i <3 < ^- , 1ji^1 cS_y j 

OLj jl 3->-jji oLj^jS/ 1 0_^J 01 <3^1 . <yL j^ 4^il 3j>i*tJl aJc»-jJ AJLaJI c3L_^isl 

,4->rj> Ub ^jjiJl lS j-Jl J c A^.ja 

j» n 

3 .aJLI 1 3 6.>JL^- iLij ii>wJl jj>- ^ ^_>w? JwLp 3^Lp yr_ dljuivi) jLdl OLS" ji ^_>- 

i# 

(10 18 ^ 6) 4J>fc-> 06 (^1 j£ IjLr ^JLjI ^Lyail ysc-j cijj_-L* A-jL j ^ fljb 

jLiil ^jp 4 jL3-1 ^a .2Jb JS" ^a 1j-Lp yu&\ jj _«_> .a- _>LiJL» 

a! j^jij) OjJj&f 3 jL-j j . iJhiL/ OjJj^Jb OjllS ^/Ju ^jLL 1JJ tL)liilj AL>t-iJl ^_>- 4__S^fjLj 

(C/s 1) AJldlj 0 jJjS" 1 3jl^i c^-LJl jLil 10 18 x 6.24 L yH (C L> 

<J>1 y>- W - 60 ^Lwa> jpfCL^-j .^JL^Ssil jLdJ L^L-a] 1 aJj*-jJl jAj c(A <->j3-\j aJ y j.$) jg* *$%r 

0 U1 ^ A 0.5 

Oiii JilyJl J-^ail ry~ ajV tLJb L Ulaj - A>jUi1 3 3^-L Ljip djl j^-\ jJ 





jl .Uajl iiUaJl l£j*-1 Jl£J.I j j* t.yi> jl-Ual jL»-fyl L yuu j 4 ^jfi .3 *_jli* 

# * * m * * 

Ai-w-J? L**Jb y ^w^jUaII J-iil ^ t j)& -1*5If, ai*jUL* jlJ jJ <D-±£ IjLaP ^ 2 b^!sjl 

W£ Jjiil cL-dujJLill 0| * A*5jjaJl AjlJail ^ £LJ Li? j£\ a jl j>- gZj jd>- 4 ^yJl 

jLii d-^>.j jJail ^*>Ls^a> jD\ J^dj J .jLiil i yA <*jLn '*?*£ J>rf U* *JJ-l ilf* bf 

. t i _y* dw* a~%5" j-LJL/>^( 

jLlli l-L> <«-..]? oil Jl <—Ja-ail bJaJ ^J>\j j^D\ jLiH 4*bj *aJI <3 

«" *< 

£j>t*i ^y-^Uava^l jLlil JuAl***. L ft ,UP lijjUa-j Lj yD> [*~L*<au* dJL/>j LM _^V/ jL—Db 

J*1 > ^J -W-Jl jSd; jJ oCjiJtf j .aJLJI bt*Jl J J^Jljj J» 

J>Jb . <_orjll (Jlaill Jl c-JL-Jl ^ i^-S^bJ-j *L4Vb i^l^a _Llj Lj.ll**>., il ^ Ai>d, .Jl 

0 

.d^U- Ajb JJl &-U& jJl 


A pLjflS 


(£\ Jl J-£J j{ jj.3 ^L-orS/l J ^JblJ J 4 d>b jy^J^I A^sdJl J>l-bl jZ j! D^^- 

A-i 4 j J? J>\ tlJlS^ jl^> (j d~.,t>> jl fbLiJl C-LlJ^ 0-3b»Bfc*** C UJLP tlU-> d-J J^i- l _C-j -L)1 _ 

^PJL> 4+jIj j ^S'2 ^>wi> ciJb*-^> b? 1 _y^’ -5^'bj L^>,l T -A*^a—4>d* 

^Jr^y b—^ Jr jo- L 4 jJ . 01 ^- </f Jl J^' M LiS/ —- 

j ._ l> oj .ajyb>^ iJbji Uilyid -1 ^ itLJl j d-i- jL^ Vj—^ 

.p>iil jUl yb ^U^Yl 1Jl> 

j>LjJ .oL^ dlyiidJt £> y\ :77»*i 6 Jff oS/ -ii<_a i-v^l J 

byd* d-i^ l-i] .d»bjy^i^i L)b^aii jf d^bj ( j& a£\jS\ A*Jb5l>«-*iJl J^" ,^'L-^r^/l 

iodJl V 4 JaJ-1 ^.*>4- .5jJajv- o-i_^5" 4Jj>d jl .d*l 7.‘.* Aw. ji 5jljdJl^ JLLC Jj <.&j^S* il>id— j 

^jal*Mj 4 ^^^!^ .Aj^bJl d^bswJlj Aj*1>-S/I £> LX 4 ^ijJyLu*jylSOy/ l ^'^) AjS^ 1 I l A*5b j £*Ol 

lj\jS* L--..mJ jl 4jjjbll <_3jj.^ll J i,\jyJii\ d>ljU^ ya-WJ ^ ^j>-jilJ DU jJy* ^--b jt-pr 

.A*JbJ*jtil (3 l-Lft ^ljL>d>l JLIP j^^j jl l-*^ t-i^ 


o-L* jdu i-J’^bJJ ^--nlj3l ^J-Lil (j ^ja—Jlj £jjJl jr^j 4^jjJl <ju l 3 jJl d>J *J 

0 . 

tdjljdil C^" *^b*fc-^Jl i ^£’ (_Ll •. J * JLwj ^j| djt*-M^I 3jl j-iJl IJL>- djt^" Ajd*J djl 

jl Aa1i>JlI jy d*L>dJl j d-o - 4A^5^L> ^jbAJ>vJj iijjf 

J>-l-3 £jyilll d-L>J jl t j^“ C - AaJjI 4(2“ 12 ) ^D»jJ A-dil 

Dry JJ) ^y ri+.D fju <JjJl d-bJ j{ t jSJLj t.(t j%—mil 4 Z+ydi —^/j c/j —■/) ^—>-lj d .—p 

1 Lfc j! (^ |^- aI I 4^^^/ —Jy (Jyi) <y> jS/l jJa^J "bfc-P jy jf (^ f - ** al l i^ju—*// 

y> d»^|L4-l dJLft j jLill ji-U -oL^I jl 4 (-3 tw — J/ £D^~* Dr* ^c/^J^ 



jL=Jl yfcJl J^AoSl 


<3*^ t— Jl ~y ^ y <3"“til — y <3jJ^ J$ .A~~iJ oLiJliiii «l— 

J>\ £A AAs^lxJl c_J y JLP ^^JaJlS" Aj JPAjL^UJI A-*-P c^- Jp 0J>^>rQuits Jt 

.oJb'LJi 

tcfJJi £-*j .a-J^ j- 4 f-ji- <3^ «A OjjX* JJ jLT J-voj jl j£j: 

, <3^>^ aJLpLv^ ^ 


^LAjj 4 SH <s s ji» 

oU>xjJl <bLj aJi^^j <*jjJ3 eJLft JbJJj ^Lc , "ajOJ 1 ' ^ bl _kii jjj& Of jb & j 

J$ ^/aij) V*^ A^iaiH ob JL»*-iJl Ju\jZ UJLP .AipUaJ! Aj^ A !U- j 1 S 4A-^-Jb 

tJ^-T jt$C* j Obljj) aJU. A^jailt ob L» jl_£L« j (olijj— 

<.ybs 4 &! 0s+&Jjf-LfJrb Uajf jJtiJl U* LJ P*ij .Aj y (emf) *5^ 0—*^ 

.(V-3>M Wj) 



(^Jjii! Jib) f U£ j (s-») Jib) *Aa.lj <*jfr ^ jjjJI 4 *vVfcj Ji U^J 0) *(2“12) Ji*3*H 

J] cH®^ c> ( J ) jf L>®J^' J] ^•AC- && fc) CH®.4-«JC- i j ; u jl 






•V 117 obp O^Ssij *V 130j V 110 <jy ^b*)t Al ^b^^JLl Jl— ra!I j—$ i-l ^jl^_^ 

t*-—^ i^LJl ^JLj j! .(^Ji^l jJaJl g V 6) V 12 SjL~Jl a>jLUJ emf ^JL; 

,ju^L» J-^rl ^JLj .CjLIjaJI y i— An Ja> ^.JL^ s,lJL>- ^JaIIi ojfj Siba*** ^^Lp ^ — f L»Ju P 

. cJjJl ^ yij ^J-3 CjU jjijl 

j bij .A 1 jLr jijj tfi 1 bjU* ^—p 4 v 1 b$i—*J emf s-r -—^ 

4 ^»jUli c^pLa lil .jLzll ^ipUaij cemf c*~apUaJ lil .^j( jyLL Sibp b$j_p _O ^bj_ 

.UL^-'^ ^$L^$^11 *■)j^biJl I JIa 4 <,W»j ^ ".,* . <_ju<aAl J^l jLill yu&L^ 


<3jbl j-L>- (j——^ ^Jl *JbU b£j . jLill <jiJJ bj-xJ 0 _^j <jt Oj-^ emf b^jJ o^o jf 


* 

<J^bpl JUP ^L^aU <3yb ^1 p b^ajf dJJ3 ^J . ^Lp *X*J ^jJLr> tiJL-A ^ : -- "j 

^j^Jj tjbj N .b^ f“^ ^bir\ ^jjbUJl ^^Lp <iJbi ^y, —iaJj j . 4_*bb£ji 

.(jcJ a djJl (jy ^J-sAi ^Jib i^arjj ^^3 -Uj < 1)1 jLdJ 

^*i*il Jaj tiJ-*— s>r jy*j .4^*jbi> jf e)^ <3 jby jJ^i ®Jit ^1 eiTlf ^ 11 V ^ * 

yJ 3 c(lJ^T) iUp^l ii^Jb 1 ^ JbjJrl jJLtf ciili ^ J_pj 1 ^ApJ .lJL_^r Vb—• _li- c 5 —L^ 

jji-Lj N .iljL^ar |t-3ti^ ^JaL-J 3j>wJ1 ^jA 

» /> <( - it b j ^1 4JH- j u lb 1 ^ < n.> r ^y u a 11 1 1 P <;*!■; V^l 1 j * jN * . *x Jl ... J 

.hiy 

<1+ .j JL^st^ ^ill J^A -1 t^b» _^i jilil ^ j>y Jb>- (3 i ( j^\jtA — i 

(j jj^j t^iii ^j\j ^^vii jbfi-* y jV (ji( ^—>- j() v 117 

j 3 AI>*«»t»ll lZ*>U yl ^jA ^jJL^- j^P ^-bP ^t-yg djJuill ^4 «»*«_' ^jil jbJl 1 ^1 .4 j-lxj A. llj- 

.^JajJl 1 -Lft (3 cll—jb cl.. <iAjUS" U^-f 13| 

A-ubf.lUUA aM 

;<JbjpJi djljab^- d ^.1 y ^Js* IjjU < 1 )j^j jl ^A*5bj^Jl oljljJl f 4 1 *' 

. a^L^S /1 jy jJl ^Aj .<JaJaj*Ldi jyJh olUb^ll dijb LuUaJa>tlb ^y^Jj ^—ilj 

, 4jLJU -/* i ^bJi ^/1 d. «>“ 4 A^LbJl 4.^^yail arJUIS^ b* aa! AjJb^l a i . t .) l^f b 4 

|Jaj y A gbjba ^l J_^«^ll ^ip jjbj kill y 0Ail -i^jil y 4 Aijlill d-lA ^ lJ> l ^ <l)f 

.(!U(L- 4 ; ;^ll c—q 1 wT Jj c-j 5" b| "^1) ajl-aJI AiJJl 


Ja>- tU>bjjt c^biil <iA3^ la.... iSfl 


A^dt\ i aVI 

Ja-k^l ^1 31 


ijj>*l) dibp AjaAlll Jajjaibl J ^j^Jj jJl jL>-Sfl <3 <laiAl Jaj—Jaibl 



jaz~A\ jLdt : yliJl J*aiJl 


Lil jl 3jL^tAJ jl tig../ain £• 4 JLjc* olj^S sj» jv-lJll) 3jLi!>U jl tcMjljJl y L&Ljl CjI— 

{ Js>\ jl Liy»lp jl Liil L»J Li jiu Ujli j3L)l JbjU*- ^ j> .j>-ly* Lfr-<a—*J £-—* J 

jJJi iail^ . iyA-l JiCiJ a-Juj jwJl ^jp 3 aL^i)! A^jJl j*ly- jA>«jLy2—)! 

.3*1 yaJl jfr**j UjaJL* JaJa>«il jLp 


ijS *liy* Ajaij f lil VJ ^Llaiil AjaiJ j yjyysy* jiP OLj^o tyUL Ua>- ^-LUl) 1 *Jjlp 

j*!yJl iJlP <j AlSLi^* *)Ij C£yp\j jSLiu 3 J *\.b j*lyJl Jls-ajl *]c2SL> 0jl • jja^M jj P 

.aIs^I j aJ!Ai1I 


Jai£ jl aJIp jt-fr*>* i y*r j £* ^yd* Jai£ Sjy*zii Z*jLtII jl jLtj j yd* Jai^ i^jUlf jl jLt —j 

.(3-12) J^-iJl j A>w>y» jy»jJl oi»* jl .aJ| A*d[ yfr— £* £yl* 



(') M (c) 

.CiLlfrj iIlAjj fljjiUft A-AjlLtt (^r) . jjljlfr II A^jlia (ty) . Aajlj A-a jli* (1) l(3~*12) 

AjlfrJl JI jai-l JUi J y J>f L^Jbj tuyjlyU VWjL-J 

, " __ * i 

Aj jlyil 3?ylajLl ^y« A*lLtl* aL.*U-wJ LfrJl jLicy LJ^ J Lw AJy^y* L*A->- fi«Ap 4/y(k_//Jl-r»J .Aj-yll 

.AjjUaJlj A-JiM jy*j (4“ 12) j£j*Jl ^j*y .^JjyL— jy^— 


^jiVl c>a»j 

y tLfri^-lJj yfr-> l 5 Ip jL^Sfl j dyljjl C^y^- . j—J'j-L y«—d! jLi,—J 

t3y!jJl 3lil>«-C. L y5C* cL-j>" c(dJy ^yLi^) V jl ^yL —L») mA tAi—* t^yL — ill 

eyl-iJl yLill ^y jl JL^S/I (J jlAj .(1“5“ 12) J^-iJl j jw?y* j—fc 1 —<S 

{ Js* dJLl lilt yLiuU L4 jLio ^Jl A h JlaJL .((v—5-12) J^jJl jl jJajl) yfr-^ iy^j 

lata^ 

^|i|i|i|i^- 

0) M 

.AjjUaj (uj) .AjjLajSJ fr£ AjLx (1) : (4 - 12) (Ji-ultll 






(') W 

ibxjla. f\j J_pj :(5~12) j£-sii 

* * *> 

eJL b IaUj tU^o*j tU-Lya> ^Jt y-Sft **jbiJi jj.*J>\ i y** j . (6—12) ^_ y>y 

y ap^4j c(AC) ^->jbiLl jbxJl *jyj <*Jp jSH yp jIj tJSLii jfj c-ii UL*j y 

y&~* y±+M*A <** y djl^P ^(^J y*ji (J>*l^Sj) {Ji y» X*»p\ \y tC->blgJl 

.Al^-b 


A-»jUuIl I jlnfl/ ApJ) £iljj 

j (dc) jLxjl c-4jta ^Jsjc* jb*ai>-S cajL^j—S i <j 

£ .(7-12) j ^ J aj a>*Jl Jak^xil £ £->j-* 01 .Ojlillj tj5ljJl 4Pj—t J $irI 

./( ojiail */ JiUi J j^s *(F Oi~-^i ^ynu j jf) emf«j—* jj— i j— pr 

Ja^-V ^Ob c(C 2) rj^/lj t(A) j^S/lj t(V) cJ^iil y c-jli ^1\ $01 A^LiJl oLb-^Sl 
jJAJ 5JL?LU jjP i*J*yjX- 1 ^A-v^bj C-j'b/ y**^* 4-blll <3^°^ .4-blll jrj_—P A bill 

. olJL>- jJI 

* 

<*<S j^nZl.* O-Lk (^Jj>-I Ojoii 111 .0*>bJ! C-»l*4^Jl G~bk ijfU A3^lp 2y>r y bt***<-* ^Jl*j 

cemf *yy y~p US . j&\ jLOl cA^liil o y*p 111 y* J— ^ jyz, —^ y\ ^ J — >-\ 

.^*^i)i oL^SvJl (Ju aJs-w A^s^bj A3^1 p Jory .A^jliail ^Js> tjbJl ySU^ 

?J Oi^ 

fJ‘- > - y'4 (* ij^ dc oljli J J tJ^JrlJ 4 jM' (j^* iUif-l 

'wii A.y? ilj^Kj ji-*io .dlj? - Jjl <ji ^1 l»ii ^-i-4 oyLiii 

E = IR 
1= E/R 
R-E/I 



J-oaJ) 




(i) (>) (>) 


llc.j±ui Aoiaoixiall 1^6“ 12^ ^j£*2*U 

c.jUj AjoJaj |u| L_il&j Ajtj-ij ‘-UuftH clulj cJl&q { l -*} i^cAjia £~\ 

.jjJ Jyn^a (j) (■>) *ac ijj* (£) Sa^J^' (c) : <-5^ (c) 



.fl a-jlUlj J jUilj t £ c/c »Jj :(7—12) J&ifl 





<AiJhS 1 01 J>-S/1 £~yaJl JUiAl ^JS' Ij^li 0^ ll oJl— fc Jjf ^—5f*J lJ Ja flJ £-b i 

ljLval>-l I JJUj j temf jUal^-l E jJJUj oljUal^^l Jaa£ ILiu^aJl oJ — a ^— ffjllJ Ja— j^l 

(E 51 jl—- djLil wL^l L—-JJaJ lit ^^ Jj 14—«jlai.l IjLva—i>-l R j tjb JJ 

.£ = //? <^zJb 

^>jl o^jli ~JCjbJlj tJL^Jrl ol~L>-J ^lj>*I—*1 J>rj £ Jj |%-^il ^_* 

t(fiA) jir 4 ' t(kV) cJy jJL^Ji jl c(mA) j>^ 1 ccJ^iil bl .^>»—** 

j£> ol*A >-y aJjS/ 1 C««)flg-1 13] .4jj^-1 ^JLp ^j-ya£ 01 -• i(Mfi) ^jl Ufc*—Llj 

<blp] tjJb^jr clIHJ jl*j >1—j-1 *1 ^>rl ^ ^il oJLA LgJL <—*£ ‘f J% 44cJJ—ail 
^Jaal -XJ t^jl OjJ-* 13.5 4-*jliil <—>!—*>■ 4^*^ oJli" 13] .dJUy <^Sf 4Jlj 6y* ol~X>-j_Jl 

x 1.35 jt) 0_^*L» 13.5 ^JbJl <—<>l~J-l <j J 01 jf= 4 4 j^3j .^jl l*~* 13.5 otwJl 0] Jj—ill 

.fjSfl fjilj oTj (10 7 


jlull cAjLua 


oi ijbiJl ^i .dc oljb (j jLJl pj :>l£l j& ^ 0 fl Jjty j£-iJl 01 

.L»MprlllLw-l ^1 p Ij^li 0 j£j jl t4^jliilj Jm^-1 lJ> jjJ 

cJ-pr ^Li^j 4 jJc«* dc ^y {j* O^o ajl .(8“12) J^-SJl tj ^ gtaja^ il ^ —k>«J.l Jl U—p 

c->1j jSv_yJJ aJL*JJ 1 ail 01 .jvjjdJ aLlij JU^l 4 jcw-Ij lj*ZA 4-*jli4^jl ^Li^j til^L^S/1 ^yajuj 

L— l l ^ O^jLaj ^jLwwJ o^LmP* ^JLp" Li p—5 1 cb-® x> * ,. 

. l~JO ^-Ull ’’^rJj" c^jJ^yJail ^ c jW^i ^b^?- s;Lj1 j 4jl?-'>Ul 

(l”12) 4dLw44 

4-»jUll b»-i Ja—> ^ 4Jl ^^lilj tV 15 ((8—12) J^-iJl dc jJ J— * 01 — 3l 

?jLJl 4y»-i U .Cl 10 { Js' 5ji*ill 

(1-12) ^ 

0S/ 410 U-f> E Jeuyii .1 = £/7? J—j-l 

./= 10/10= 1.0 A a^L -fjVlj cJyJL StU^ oUb-jJl 

(2-12) Xi-4 

M^jLaII 4^—5 ^ ki— *p~ i\f 100 4 7.^1 l-L^r ((8 12) ^ j) dc -d t t 7 ij 

?jLi)l 4-_i ^ U .kQ 10.0 ^ 

(2-12) Ja. 

/= 100/10,000 = jf^Jl ,>> .10.0 kQ = 10,000 n : r ji J! 4_.jUll Sj->- «Vjt 

.0.0100 A 



jn uJj jtsll : jJLP [j\£\ 


I = 



ljLLu^ 

(3 pi •U'iPjj** 4^»jLttilJ jLlJl ^A pjl (1)| 

.Jjluo j x$±r\ ^IJL. jw.^1 aJUI JjU.1 

(3-12) ii— 

^lidl jLiil jl5"j til 100 ((8—12) JS>~iJl (Jf^'j) ® JS**^ OjUll J a ; v» (^J*- Ail (ji 5 _/al 

?dc -ipM U .mA 10.0 

(3-12) J* 

iij .10.0 mA — 0.0100 A t jljl J_p- t^ljl .E — IR < * **&—Si —^*1 

aJ^ o*iJ \J JJJL JitJ J Jolas^a J^pr .E = 0.0100 x 100 = 1.00 V s-> j **—Si 

.Ij^p 

A^jULtlt ljLLuA 

•u)fjj*~* jLzSlj -XpM O L*Jjlp dc ojl^ 3 c^U^> u% uyli 3^-C 

of cOly>Ik (8-12) 3 j^^Sj -ipM jf <i>-Mjl JJL-Il j 

(4-12) %JLu 

^Jlill ^ L_, cA 3.0 *bfj cV 24 JL_pM *I^-S c_JlT W 


?5>sll 








(4-12) J* 

R = cJja) 1< IfiP lS Jr Si ®^4* J«—i_) lP = E/I A»..<a—Si —uil 

.24/3.0 = 8.0 42 

2e.iU*;. ..yt ujUU.ua> 

JSLUI J A^>_^l ijljdir dc ij* j (W u. tot jJIj) P Ae-lk:_-^1 ot_^ ^L—^s. 

:aJIiSI aa^iSI f (8-12) 

P = El 

i- * * * * * 

>X^ri i j }** ^ *XJ . Ij-Xaa jLlil I oJj-aJIj JJL* E lL—>■ 

. 4a jliilj jLlil C^i jt- bt dL^-C 

iE Pj / pi*4 *E — IR ^Ip (J^ ■^3>»Jl 1 fjl O^ilj j —£*"jj 

P APlJaLu-^ j^Lp J^aJ-1 

p - (?p; / = fR 

0jJLa> CJ J^p ^ LA+~JLj pj jjl iJlA (^>} 4 jj-—*Sf ljw\__A> jL lii j »-L 

•r> 

^Irl t Oujtpf i * t .1 ^i>jUl , Syw*L> ^> 1 ."I ^ ta*~ (l lit APlio-Vt JSp J_^J-I U ji tiL-SU 

^Lbto.li Apllao^/I uL> ttllSJJ ./ = EfR. ij^il ^Jp J j-.^'ulS ^jl Ojtll a**^ jS^jj . a*^*La1'j 

aJl> 

P = E (E/R) = Ef/R 

. <AjUii Jp 4<**otJ <>C-X^Jr^ jji-L 4(^1 

£y*0 t)LOjt 

P = El = ?R= E 2 /R 

.(8— 12) J^nAH Jl 4^ j>-\ ly JLP .ipUal^Vl frl^15^ JSLLj Ojj L ^- 

(5-12) 

6^*iAl XpUoi^V^ L» „mA 50 j-d^j V 12 • of *jP j 

A>jLill 4ja~ut 

(S-12) 

f J = 0.050 A tjh-^.1 JI jWit Vjl .P = £/ a,..^ Il ftbw—l 

.P = El = 12 x 0.050 = 0.60 W 



1 \ jUlf : jJLp 


ljUjIIaH J*-aj i£j*i <-LS 


aJ y*&yA ot>jUL* ^1 p jLiRj aJIj oU y\ aj^^rfyl c£1>-A: _P 

jjS^i ^jauu 3 (ASfl^lt A^jLai!) ^J-s^^Jl j j£j . SiJLP Jlpl ja! La*j L£L*jtJL* j J- s ^y cLfr^anj 

(jf\ JA J**&\ (S j>~\ (J J-^ 3 ^ Xa^JlA d J^SJ .SjljJt <3 oU^il y\ S C^LijlX* ^j-* i£\ ^jA 

.ajluJi (J oU-j^lt jt aj4>“V^ C^UjUL* 

ciUjiia 

l)| ,aJ^J1 a>jLaU ^1p (J y&>A J a*ajVi oL*jLail t_3UaJ ^1 p *^-p 

.jS'axIl J^j bi-Ui 

(6-12) ilu^4 

fjJ 68Oj t^y\ 470j 112 L^iaj £* ^yp aJUI c^UjUil J-s^j Ajt 

?aJ£)I iJLJ_Jl yi 2U^U> ^ U .((9-12) J^JI) 

112 470 680 

A/W V A^M* 1 ty/s/\ / 

R 

l _I 



. J-l-afl Jc. dAHil Jli, :(9-12) JCA 

(6-12) J* 

sh(.!>' -fl 1,262 = 680 + 470+ 112 U&l ^jUil JLp cixii ^ill <»Ub 

p > tfi l jIjUL. <^l — ol)oL^-b?" tAlJi J t»i«j .. »\ 1,260 (J,^ Jh 14 * 

^g-»*-X-LA ^_)$ £ * 0| O’"* ^jP C^*.‘«yJ+ll <JL>L»?Ij^} 0^ aJjiiH 

.L* jLiu jJLij ^ (JbJljj ai* 

t jm ^ c^UjUun 

^ip LgJL*srj <Jt^“ (3 ^ J+0& C_3 J*0jj L^ls jJSlil C5^ oL*jLaii ( J *p>y As P 

^^iilt ^yp jp-l oL*jti* cJU^jfj OiJLP A^i olS <aj\aa <j\^ tii tA>l*il aJU4 (3 i.~-\\ 

.a^j jA ji (A>%^a\y aJLPtiii t1u^>bj t< j^ag;T A-i^Jl Aa jiaii jli cl^x>» 

fi 

,oL»^1a* LftjLip^ /jA ^j[jb LA>UiU UajLipl ^yadl ^Jlp c->L*^Lail ^ ^aJ (j 

yA A^J^Jl AiTJjiJi .S L% ^ ^ j *^*“,*«**^ dJo-A-Iilill 



4 S—JaJdlj oUl 


Lg — --a. ~» LLjk)b ^yLil i Js- oLUUl cJ»Ua; .j —)/jo (^-Xp J^Li-i ohm -la—ih) (mho) 

o-Lfc Ait—aJ ^i-L^C i j —A-aj^|t ^--ajl O*j\P til >t J — 1 — ^ip OtL*jLall L4 <—J*t_3aj ^ I t 

(tjt J,t ^IgJl j'-u-Sll 

j wb!.} ^P jj-Aill ,fj)/L A^^Lilt *--tjjLat j ; .Il; A-iabJt .(7 A-iaLJt j*j <3J 

'. j£*a} \ c£_jl—J M G jt R {j* LI <31 Je>\ j .it ^;« , .^J l ,j <jJ.j 

G= 1/7? 

7? = 1/G 

(7-12) Umu 

U5” ^ 7 ? aJ53i ‘ 7 ?j 7 ?| jiJl oLtjLL* ^ 7 **^ jL*^)/L -Lp 

7 ? 3 = 300 j t7 ? 2 = 200 Q j <7?, = lOOQjkj .(10-12) J^Jl J JaWt 4 y> 
aJ_^>I oLjUil «Ja U<Jl 4>jUll ^ L. .Jl>Jl ju. c 7? 5 = 500 O, c7 ? 4 = 400 Qj <Q 



.(_^jljoll (jlc. <xlc. OLajULo : (10 — 12) 

(7-12) J* 

G 2 = 1/200 = j tG, = 1/100 = 0.0100 S J* coU-U- Jl ol—jliil J iy *-t 
G 5 = 1/500 = j iG 4 = 1/400 = 0.00250 Sj <G 3 = 1/300 = 0.00333 S j ^0.00500 S 
G = 0.0100 + 0.00500 + 0.00333 + 0.00250 + J* J~^ iiUl ^aJl .0.00200 S 
Uj .7? = 1/G = 1/0.02283 = 43.80 Q aJ&' L. jUil j 1 £3 Jb—SL.0.00200 = 0.02283 S 

Jl jj _j-dL <_>l J Jrl t— j J u t__£ iA *l» ft —»J Aj'jti—J JjpJ !l f- * L—-Japf L—it 

•Q 43.8 

^1 aJJxJi 4-«jlilU ;5 jjL —— » lg « ; i ^jiiJl ^jIp oLtjli* (iLjJ o£j U.up 

A-l^lt Aa^Lall (3 ^Ssj 4A —* y*£* /^aII .OtL^^ll O-i-P jg lp — j * oL j ^ t 2 - a j 

:3jjL~* (10—12) l) oLtjliJJ 

7? = 1/(1//?, + l/7?2 + l/7?3 + l/7?4 + l/7? 5 ) 

. J l ^^1 p a w .^ aI t . J-i— ft—lax—3 .. a qj * ■ laj 

7? = (7?,- 1 + 7? 2 _i + 7?3 _1 + 7? 4 '' + Tes' 1 )" 1 



jLsli : J-'OaIi 


aJL~ 1I (j Aj Lui L* L->Ljj I^jl^Ij £tPj^ bjliii oJLa aa~a—) J—*jdl Oj 

.(7-12) 


AtULuuIl <iU jIIaJI ^ jlult 

t^jUall Jj>-i (j^>-1 bl ,J5>10 ^Lp jt“ ^il ljL?r SjowaJl -UxJl ^jLa* -* 

J5" .aJIj o j* £^*jLa!I aJIJ-jI^Ij ^Lwall i_3 L JLiS^I dJ^Lp ^ . L^bl^j ap^a^-I *^a)^it.* 

lAblS" APj^5rl ^w2>^ y£u ,aJ-*JL*J| (J ^-jLa- 4 Oji tV 10 ^jLaj *x ^b*2—* 

.jLiil V — 120 j0 a-L> j^^Jl 

e£l <J$ A*~Ju oljaj *a Aja i3) eg^ (3 jblli </aU a J L*»Lwh 5jI*A 5^ A^h** L^iil ajlO__Jl e5 

jyju .L^* Ji Of ,\yill UJb ^Ja~* j tfljUJl ^ b AjaiJ <j J^Lu]l ^Js- ^bb U^- •<■£ 

^jlp jl LgjT ^h>\ ^jS* ^JajJl ( j,a*u j SjIjJJ aJLhaJI oli^S-J U tA«LJL*J dc 3jb (j b^>w^ 

,L^.>J) b j ujj i^r*)b.i 


^^jUaU j£\ SjJj ^jUaLI ^a*j dJLL^.:^:^ (Aiiiisi- Ab*JL*Jl ^-jLa* o»l—* jLb eu—ilS^ bj 

j jLxJi ibj-*- c^L-a£ aJIjl^I ^ bjyb j*a*j j^jLaII J^*-l Jl Aib- (j .<Sj —>-S/l 
* 

J j;u5" jLj J^b- ^^Lp a JL:.U Lya.ll jjJi jotw- .AJLJLJLi aJSsJI ojUll 4 JlJLJI 

<* , 

jLllI cLa^sj! 0jj «sA a a a jIJj ^^LwSlLI LJwLiJww^i lil ,«XjI^JI A^wsIaS'" I ^ i.«.«^3.<* 

^-jUaLI j4*j f.1 ^*5» 4-L>-^il aJLft (J ^jA 0.c-JLpS/I J^\ —* ^aU --—*» *j— 

\sAs\L\ 


ILU ciUjllJ ^ 

ojli. jr ^ o_^53l J_5>J ^1 .oU^il ^ UJl-Ji ol jIjJI 

objLiil jl j aI^-JL* 'Vj Ujb ^6ijJLli 0] .dc ^ egi 

.L^mjsj 4^«jjj| Li Li 

(j ^gjsulaj^dl JaJaj^l jl Jail diii 01 AjJj u ^— J! c.4Ja_=>-wJJ tiUJj obl 

Ji c_£jb~jj ^ <3j* R n ojli- J5" ^^Lp j-lflj .A^il jLdl ojLi* J5" J y: .(11-12) 

lOJ cLLJLw^J 4 JAjjUaJl Lj*)L>- iJjh E n wL^Jrl .4-^aliM 4 -*jLa1I lLLLj Ao^Aj jLlJ^ ^j _O’ 

La-UP J^Jrl jl C^bjLiil jjp E n 0b^ lib . Ifl-sAw.i ^ 

V .l-L^S" c.^0- ill ia Oj^j ^jJ t o^J ^ Si^>>L» jl a»Ua4 c aJL>- emf 5 t* olSs^ (j 0jSw* 

^o^Jl emf tiu; jf jSol 

eg j*- ^ E Aj jUaJl wL^r (11-12) J^ojl j V cJ jaJI .e^ ^>-1 Ai jlaj iJLUJ J —iajl 

Cr* 4P-j^3t ^jLp Aojail E n p-*i ^L^JJ LOjjI V (^Wi* J^iaj .Aj jliaJl <J Jb ^Lp ^LaII 





j^jsj c. *^ bi 4^~Ju c-^iJl )si .o>b^Uill ap y-£ jt& ij 3 * 0 y* l)V o>L*jt£i( 

E uiAJd! . c-»L*^LL*13 jS' E n 3 ^ £ ajjUslJI ~Lg-?r 

*E mf j 

jil JXf iiJL«i! ac oijb i Js* Uaj? oOpUiJ «JL* S ^3 .<*LJLdt dc oljb 3 \~*\J\ aJLpb iil 

X o jk J l*Jb obd 



E 

sJjl jS AjSSlld j .3uluiL>u dc Sjb Jul^ '(11 — 12) J&wfi 


?( 11 - 12 ) jCiJl j ^1 i^UJir i,b J /?„ <^U ^U, 3 I Jb* Jpj[l jl*M Jb4 4 juT 

Aji Ua»I jffjJ .OjIaIU jLlli 4 —>jjl 4 ^jL«j J-$Jrl .is = IR .5b=^| <I) jib j—^Jb 

t#ji- aJI 3 / jLsJl ‘—*-i-4 . jw*S^J toJJja)i ^Ub*JL**l ^iLip u*j£ 44^L>L~J-l f.1 y>rj -UP 

JLp jjail JL^Jrl Jbr f *OjU» J^lT j jUl Vji J*- ./ = £/ff bj .JLfrJrl Jjjij U£j1 Ojliil A*yd 

. AJmJC4 4j*jUL* 4^1 

(8-12) AJL-14 

10 o»UjUiil sJ-ft ^ .o»byju 10 {11 — 12) ^ “^-j2 A —51 fjpj —^ 

JS" &J 9 ij* j* b .V dc 15 .fjt 20 vLill ot^Uilj 

^jl 20 a a .all oL* jiill y jr yPj ji 10 c-»b objlail y a-»jLL« 


(8-12) j*. 

Z J? = (10 x 5) + (20 x 5) = 50 + 100 = 150 Q :**—J&t a—. jUll j—*■ 
taj .ijUll J i._jLL« JT J jUl jL—^1 -_Ji ./ = E/R = 15/150 = 0.10 A :Jt-& 

ij[ = io n 


E f , = l(R n ) = 0.l0x 10= 1.0 V 



jbsJl :jJmP dh 


JbJL ^ = 20 Qotr bl 
E n -l {/?„) = 0.10 x 20 = 2.0 V 

5 .-L$Jr 1 Ijy> Xpr if jb-j ->^015" bj ^^d jb— ip-^I d ^—*-1 ^—SCc 

oUjli* 5 b^d ty 5.0 lA^^pr tV 1.0 L$j> J5" -ipr 0j5o ol*jU^ 

5^-ikl 0 >U^liil 2J&*r f^yA A*t-^Jb .V 10 ^yAj tV 2.0 Lg^* J5" U-gj>r 

.5.0 V + 10 V= 15 V 

ijfrjiU) tljUjliAfl ^ JjfaJ 

5jU*^! AjSj jWl Li] ^lp ^J4 -j j-kl <Jj jll gxyj L/a ■* APj^t O^fl ^J-j —A 

{ Ja aJ y&*A\ £jA Abdb* 3 3 jA 1 *a,/sa ^b^l 01 j*0aj . A»k L .~ l l a-1>“Lx 1I d^Lj^J tj\ A*^-jlib1 

Jj>- 1 ^ Jja^j y««j ^ .JuJL-jJI ^^Ip ^dLJL* 3 & J*A ^ \**jia ^b<d A3jg ■»* j — i5"t ^ j— adl 

* * 

oSf t a la* ^-Lwall 01 01 JJ LftjJ ^kui** Lc„j tAJLibi 3 . ^QajJLi IdjlS" libbd ^-jlva_Li 

.jjii N LgPt 4i.va * ^-jlvail 

JLg^*r ^1 ^jjll JLgj>r LoJb < 5 ^Uo J AuOi Lub 0^^* J5" ^ip 4 A-Pjidl djljJl 3 gJd Oj— 

* 

^J-«j«j t^^ull 1-Li . ]ai» jLgdd ^JLJJu b^liM A^lall ^^Ip j*A^ ^JS" ^ ^*JL*m 11 jbdl .4jj\]a. 3l 
l fc - tlJLJL-J a3a^IjlIJ alm*** bp ^aj aJ ^ <^^Ll M 3 

^ j 

,olij5lll d-U J*P J^s-lJLj 

o . jy >f bl . 1 t~Jb iS'J**i 1 £jyi# 3 ^jAJ 4bP-yadl l jj& ja ^1 JJajJ bl 

.U™. 0 ^ y>T ^ll 3 J*yLj A^rU-* Jp jili JLgJrl 01 { jfif\J3>\ £A (O^bJbr 

US a jU3J) 

./? ^ SjUft 3 4 X 11 a*p ydl o^lill .(12-12) jSLi_Si 3 k Jxsdl JJ 

A ji^Vl tRfj A^jLall ijs- iSyA l^OJI c n ^ydl 3 jb-^ ^1 —aj j .£* j—* aj jLk—l! J—gj>r 

*4 

5jl-Ul 3 jbdl ^.^ mj (jp\ ^jA I ^l^il jbdl (^jb*>o ojljJl 3 I n f-z* 

.bLOL^dl 0 jIjJI 3 JLfrJd Li (j;j>? ^31 aaj^ kU Ajbb* j5Lbi tbp ycS\ 

( 9 - 12 ) U^iA 

l jljJl j aJI L^aJ jpJ* 1 .V 12 Ai*J ijj? (12-12) 3 ajjLUJI 01 ^ j*\ 

?aj jLkJl ^jA ^L^Jl jbdl jA L* .^jl 120 Lgj> J5" a^-j ^L <L» 12 a*p yidl 

(9-12) J* 

j^Ip /? rt = 120 p~»* .1 g .^A) A^iJl ol*jliil oS/ 0JU5 01 .A-l^Jl <a jLill s>r *^ jl 




: fj' I R — 10 ^S' J-ya>ul 12 

/ = E/R = 12/10 = 1.2 A 



E 

dc Sjloll ^k fj\ijk. ^jbjaJI cy»J :(12~12) JlyJI 


(10-12) 

\ q , M a.) c->Lj^Svi.i p--i OjIS^ lij t(12—12) (j OjijJl JS - ^—**■* 

^4-SjLwJI sJLw-Jil (3 6^jljil 

(10-12) J* 

a^xJIj -i?„ = 120 £cJ^i 12 j* l 3 ^W=! f jIim-—j 

: f j' 0^15 (j-Wi 4 Wy /„ ^W=l c£j^= 

l n = E/R n = 12/120 = 0.10 A 

tUjliaL* U-ji 12 *1I n £-*-£ ^ <y j5^LJ L—p.s 

.aaa^ A^xjiJlj .A 1.2 — 12 x 0.10 ^y+^r\ ^y*H *A 0.10 ^<3 j£ 

4jL*iL*u1\ u»IjIj21 yk Aj&UalmV) £jjj 

^1p d^L^Li/* y£~ djta (3 Aplj^ux^/i Jup , 4^LwmI^wjJ 1 i-Uu i x p^ 

iP n apUslu-VI <- r >\^>- y* aawJL Lj lj*xJL» djljJl J jlil c/ jLdl cJ*Li»i5^1 ja a^-L^ L* J_5^ 

,P n = / 2 i? w A».^ bUlPl f jfylj ci? rt IgJU-i A*jU* ija ^!JJ diJuil APljsa ^j toi J\j IjXaj* 





<A»JLj . Aa *^JLA JT (3 ^Jl aJL*JL^mJ O^jb <3 A^i^xJl Ap\JaI^»*^|l _j 

.-LgjJrl 4 jjj^ jaJl o^4 A-jb^JL^J ojb <3 4-plJai^^/l 

(11-12) <1— 

_j tP 2 = 680 S2j iRf — 330 Q :oUjLL> V 150 »jta L>jJ Ait ^^il 

?/? 2 4ja^»l jj d^J-il ApUsLL^I ^ t» .R 3 = 910 f2 

(11-12) J*. 

aJ y&y* oIajLaII 01 Lc, .Aji^il 3 ajIa 1I 'i/jl - _ '~ ~ + cilJJj ^LaU ,djljJl (3 jlil jLxJl <x>r 

* 

/ = j\A dj£j A*-Jb .P = 330+ 680+ 910= 1920 Q ^ iXJl a^UII 01* 

P 2 ak-lj, iaJdl apUa^I j/jj .150/1920 = 0.07813 A = 78.1 mA 
P 2 = /P 2 = 0.07813 x 0.07813 x 680 = 4.151 W 
. W 4.15 |_jl+ (J-v* 5 ^ ^lijl Aj'ib (Jl '-La k_-Jjii 

4jP jibUt till jUI ^ Ac-UslutVl £jjj 

.P = /^P 11$.--jaii ajl.,.^, 1' Uij Aplla^O L$i» JS" Oj J L f^~j ytjl Jp oUjUil +;_P 

Sja»*l^ S.5JLU P n acIU-.^*^) l ibft'y t».«;Sfl Aaj jlaJI OJ ,<L»jLL* ( JS"" (j A_^ai jLJl 0j Svj )/ _S3j 

JT -L$jt j_j$o .ijjil +4*- E d\ lL~>- iP n = E 2 /R„ ix^a] I ^ljpO_vb ^A P n Lf:—*-» 2- *jUa 

* \ 

.A g >r \a^JL* 

JT C->L* jLill 4^i oAA-ll Aji?l^Jl 4*PO^jb J 4^JL^1 «a11 aJ^JI 4 

^jA LJL*J *)} 43 Call ^1 & y£- dc (sSl 4 ^JU ^jiJLA-! 3 dJLiij ,oJL>- 

(12-12) 4lL*. 

^ c/? 3 = 68 ftj lR 2 — 47 fij iR { = 22 Q oL»jU> 5jb ^ 

.A>*^Ij 2 _* J5" Apljal^1 <A>r ,R = 3.0 V ^ “>r jS" ^j-ixil 

(12-12) Ja. 

tP, = 9.0/22 = 0.4091 W JUU j lE 2 = 3.0 x 3.0 = 9.0 :/jJi gy. lE 2 V j ^ 

A,^ 1 Sfl oi—^ <w->j—« s —^j iP 3 = 9.0/68 = 0.1324 Wj tP 2 = 9.0/47 = 0.1915 Wj 

lS 1pP 3 = 0.13 Wj tP 2 = 0.19 Wj = 0.41 W J) jjJcil 


t3 li>-b (1887—1824) ^jl 5 ^ 

.AJb^4^)1 cjI jLdl AjA^ JJj lAJbojli')(l JJj tjjil J\ 



OUjjS&ytj St retell c-jUI 


jUitt ^ ui>ij^s <jj$k 


jl jU^fl (3 ajLjIw* ^4-*j jl i ^—~£ jl^Jl j^-j <—3 

cojljJi Jj <Jai» 4-~*Jlj ^5>fcV? iJLfcj .L$iP S^UaSI oljL^I l^jj U <Jaij Ojl^Sl oljLllt 

.(13-12) j£-SJl) <kiJl J* Sj^UaSI j! ibjI^JS ^jyiSl ±X* ^ ^J 


^Jbiil oj>+t jl <*_—^ tfclU 4^*5^ ^1 UL c-3Laj *_->j —j >Xpt-j* ^ —5. ^ 

Js-Vj f.lii jl V . j.>Ua!I ^i^Jl iJjtO L^L-u» ^Jl jL>*^i ^i^Jl 

SjljJl <J 4j>xJtJl J-«l^>- <—j j+om jl yi; ajL t-i y*j£ l/* <j^* fUii _ai£ jl 

1 ^ c t 4j3j l lj 4-0 Ij j^5^I 


(13-12) *JL« 

fjl 100 Z *3ajbJ\ Jj—I jji-jUil ja J£" i«_i of <_/* j*\ t(13-12) j£>oJlt) 

f_,f 100 i>jU. JT j jlil jUl , f jf 10.0 Z SUJI JuO o^l oUjUil ^ otj 

of ^t/il if jf 10.0 oUjUil //• ^f j jilt jLsIt y> U .(0.500 A) mA 500 ^ jL-> 

?^i 10.0 oUjUil ^lp lij L*j jL-uJb 


/ 

4 



CJ UU jlull JJ ^jU, z *Ja3a& ^ JibB jUlB . jLufl <jjfc :(13“12) 

./y + I 2 — I 3 + I 4 + I 3 *^A .Z ^JaftiS sJja 


( 13 - 12 ) y 

f — ■-a- j of v^j -500 mA + 500 mA = 1.00 A —i Z ^1 j jlj—It ^—I53t jL—ill 01 

OjL»jlilt .0 a ^f (^5 jLJl Oj£j OOlOJ . f jf 10 -“j l - j td.lt oljl.^ a X t^lj Ip i_<■ - ~t'; 

0 Ijiis Ak-IIjt f jf 10.0 oUjUil ^ Js ys. j^Jrl . 1.00/3 A = 0.333 A= 333 mA 

.E = IR = 0.333 x 10.0 = 3.33 V : f J 



J» s-I* jUt : 


4 4—aS^Ix!) 4^Jri aJoA lii &~L1> ^*Jlj L* 4 IjL 4^a,tfj d^b 3 cJ^®***^ JUP ^O^^j 

J-S^^tllL jil Lj^ I^Jb S-ljAJi ^jiOJfcJ .IjAs^ L*jb CpL.. wl -L 4. ? jgtfll Jt^-Lj 

. 9^)l»Xjl 3 AAil>*Jj J^LsjJl iju .A g~>r *X?r^j (^xj \jj ^ol J)\ jf ^?LjX.««Jl c-i-Air 3 

Oj^j „^$jJb 4jl IJl?- ia r «o dlb 01 .1 ^^a;l 4 ^jJL ^JL^^5”" 0L» ^jaAi) Oj 01 ^j—SoT 

* 

.Lub ^^JLp djj./3ap ftjijJl 3 iJaiJl 

oi: . ^Jbdl LiJj jf JlgJrl 01 N 4 jI J** -i-^rl <3 ^v—jfT L*JllP i_3 y*j& ^JlS L* 

^il ^j^ill ^Jlp /^5vj LIj iJUbc* ojljJl LI tdjb ^1 J 3jjlj,^* 0^*^Jl <3j^i ^01 

* 

o-’b^Lall ^o>ljLxJl ^p Li****x l^Jl oJ .,_pbLll ^L—ip^|L j —>~ 

OJ .h jUaJi <Ja*l 5 -aTUa oLjUl! j>p emf c£y 0 cj .:> j^il Jl^- Li —L p J —>JS 
£~*jA aJlJl^j Sjb JLp ^i 4Jl .(14—12) (3 j*-—4^1—ii 

.(14-12) <3 | » g Lag? ^4 emf jl AjjUaJl AX^ a .U cIaLjSs^ 


A/VW 


MMV 

E 


4 


MVL 


AANA^ 

E 


i E 4 

£ + El + E2 + £3 + £4 = 0 jj^JI ^^s <_ij*5 j£ ^SH :(14~12) Jtifl 

. (jLbuoJU 4 j xbatl tilbj 


(14-12)5i*— 

80j t70j t60j t50 ^ ,vj^' oUjUlt jt ^ji\ .(14-12) 3 -Ua>«il Jp 

?£ ajjll . 4 * U .(0.500 A) mA 500 y> 4 -i jilt jUl jt j 4f jf 

(14-12) J* 

t) .fjf j_^U tLlij <jj£ .oUjliil ja JS” l Js- tE 4 j iEjj iE 2 j c£, j—■»■ 

✓ 

ii>Jb U^j:. .£, = 0.500 * 50 = 25 V J&, 4fJ f 50 ojUll yjjU; ^ t £, 5_JU 
£i + £ 2 + £ 3 + -4>r OjSvjj £ 4 = 40 Vj 4 £ 3 = 35 Vj t£ 2 = 30 V >--’Lw>- 4—ii 

.£ 4 = 25 + 30 + 35 + 40 V = 130 V 





<jl *1a\ 



*» ) aJjLp" l ‘ " ?^**' 0*A*?r 4A*al3l Oj^^J .fl^j^bdl ,<? tf) l ^.XA ^ ^p dJ l j 1, 1 ^ C * 

3jl7 (j $2 y-j* 0^ bJG 

jA b* .s 1.00 ojjS iy*ji G a i j>^ 2ab^£jl *>«-iJl 10 17 ^ 5.00 (3*-G ^ (j* 9 j —**' *1 

y b ^Jl a^M 

V 0.080 (a) 

V 12.5 (b) 

V 5.00 (c) 

,oL>ji*il «JLa y <t>L->- jj5ai V (d) 

<01 Js. jJi\ jU>l Uit J^s. .2 
.cJyJb f jl (a) 
.oijJb ^jl (b) 
•f/^ oJji (c) 

, f jt-oJji (d) 

x 3.3 j' 33,000 (^1) k£2 33 iJ^l W .3-L~L«J Sjli j j^jLL. ij^rj —al .3 

.W3.3 </jL-J kfl 33 5>jUll diu-tj; Saxll ipUai-VI .iiyA <j.^ ^jUll w .( f jl 10 4 

?5Jj4^l JajLSII (J jlil jLJI ^a L. 

A 0.11 (a) 

mA 10 (b) 

mA 0.33 (c) 

»JLa y 4 jL-o- V (d) 

ipUaS-V' 'il ‘G* 4 ' i,^^) I 3 -*j'-«l.' J jU.1 jLdlj (cJj<*Jb) E 2a jliU j>c- J^Jrl OlT til .4 

;aJIiJI 2juyaJl aJsu«Ijj (ol jJb) P 

.P = El (a) 
.P=£7* 10 3 (b) 

.P = £7 x 10“ 3 (c) 

■P = E/I (d) 




jAi-J.1 jUsll :yu* jU)l J-rfwll 


dc ^ yy j't^' ^^ y^ y 4^.,h *j 4-j^y? ^~~~^ ^ap^^t libaJ Ail y?ysi .5 
AiujSlI ^Ull J jlil jLiU liU t apj—J f ji ^-iUil a^f <J>^l lil .V 3.0 a^_*J 




,4_ij (a) 

.abj*- (b) 

■U-**- ( c ) 

.ji^i\ Jt (d) 

.Xj-I b-6 

. djL^i.1 ^uijljj 

.*Jji*ii AiJi Lj (b) 

■ AA^wall (C) 

. djJfclll 4I*lStj (d) 

<_£4^JSj 100 ^ .4-Pyij <j X» 3j J ^J 3I .7 

^ L* .(W 0.500 mW 500 ^jL-J —100 4^jUil o-Lil .4 Jj^£ 

r! 4^jUU j jlil jUi 

mA 71 (a) 

A 25 (b) 

A 200 (c) 

.ol*^ixil dJlA 4 jL^>- 0^“ ^ (d) 

jLill .8 

.t^jLjl »wJaiJl Jl jii cJaiil (a) 
c-JiaJI ^ (b) 

.p-$j *)l caW cf\ j (C) 

.jiJcj ^ jLiil N (d) 

ai^ .mA 50.0 ajljJl ojj* Jj jlil jL^I <l)tj 620 ajb <31 ^j —.9 

r^j\A\ 

kV 12.4 (a) 

V 31.0 (b) 





V 10" 5 x 8.06 (c) 

?yu jg J-.U- djl^i V JliSi ^ ^ .10 

. (a) 


. j_,^i (b> 


■V^' (c) 

.0^' (d) 



13 tM« 


-jjUIa!) j 


(ac) <— ->jUill jLiil dl . (ol^-V^ j^) 4L JgjJl j>* 1 a aJ*^JLj 

ydf c4j oNJj>r Jj 


y»S~S\ jLiil { j£ jj 


! ^ 1- 


v. . j 


ujjUIUI jbSfl 4 . 

y>- jiJLSr aL oJL* ^aJ c-Lja* jl at^t *J jLJ —ll' jW—• 

jl c_,-l Ai <JlS^L«l $4jcw«J1 jJu AJlC-J £jA ^_p ajljJl J3 l ^Jiis $ 

.jj^JLA aC ^3 ^ AM <**^SJS«>J . O-^b^^lt jjf 


U y> ^-lyty y ^y)l l-Uj lijjuJlac **-y (j ^ ,vli-Jl jj-^&t -'fjf 

1 v <>.■* ff »> ^» . 

j-* jjjJl .^JLi ^ <U~ij j^So <j\ ^ti Nj J-« ii— A ^ A*ts SUlw 

•„ '' / - ' I ^ 

.2JL>-*)bi OjjJlll jl COraJL>-lj aj jJli jt j*«jU *^>-1 j j\ ^Snj <Jj 

■ a )» - . ••-v ac <*■/ jy (1-13) r^ji 


JyJ-l y*j jljit yli" .jjji S-lPj iJlill y j**» «-y- Ju J_)j 

C^ijl JaJ 4 f^A» . Jil ji Ajliil *. j*- jjJ j —- $.j—£ (EM) V^ , . g )a;«l l 

^ ' ji ! ■ ■ ■ ^ 

<U*LS J-P Cjj-bLl . C^jJU*Jb ^IaJ J*^>- o U-yJ rl aUjSs aLs^-l 4j, «Lt 



OU jj&y J J <«A* J&\ :ytell olJl 



.5^.1 j a jjJ <JLo£y ^pUl (JjiaM jA jj^II )))> :(1 —13) 


■ujS# 

UjL>/ jJl Jj-b£ yv . 7* = \/fj <f= 1 IT i£\ . J J* f ^ J* ji c£*Ul 4^r^ll UjJ (1)1 

jl Ojjl jL&Lj ‘LJLrJI obj J^\ iS /*J .CpS Ijlval^-lj (.<jLtIb iSsljjjJl JJju c(1970 jJ-i) 

<0 

oJ^-<~2yu c^LV' ojj* .aJIiSIj oljjjJl ^ uh^* ^ 4_$Vl (.Sjj3 L*~>r jl A 

.li^jkj 1 10 Hz = 10 cps j 1 1 Hz = 1 cps Jlilljj .Hz { jLa^-lj tj?^AL j ^U G-"^' 

idsffj ‘(GHz) jj* UJrlj t (MHz) jj* UJlj 4 (kHz) >■> JJJU jA f! ob; yi\ 0 W 

^ olftUlj .(THz) >■>» 

1 kHz = 1,000 Hz = 10 3 Hz 
1 MHz = 1,000 kHz= 10 6 Hz 
1 GHz = 1,000 MHz = 10 9 Hz 
1 THz = 1,000 GHz = 10 12 Hz 

(1-13) 

?jJ 33 jill jA L* .s 10 6 x 5.000 _y* jji 

(1-13) J* 

^ ^ ^ <S 

:^lI j.XjL« jjjJl 4-^ jIjL* wJJbj j?^JGr ‘*i!jl 

/ Hz = 1/(5.000 x 10" 6 ) = 2.000 x 10 5 Hz 


<_>jbdl jUJt :yL* dJlill J-aaJt 


’•j'j* lA** tj* _)'Ahz ^ 10 3 _)' 1,000 f 

f kHz = W10 3 = 2.000 x 10 5 /10 3 = 200.0 kHz 
•jj* IA^./mhz 10 3 j' 1,000 ^Ahz 'j^ (*-~ 5 

/mhz = Ahz/ 10 3 = 200.0/10 3 = 0.2000 MHz 

d)l • ^^y tac (3 ^JU jb-ll _}' c—®“j taj 

. ^J.1 la ■ •■ j I . ~yl U 4 £• yy Ay- y Aj^Lull ol jLJl j a k’ 

(J ^*4’ ^Sr ( j£LiJ) . b_Sr 4ss_^A jt 4-_Sr 4*~is c_) j^lJl 4i^JLj t_,*jbd.l jLilJ 

(£\ Lf .AjUS" i-~* is*y J5Li ^Js- 0As-lj JJy li ac i*-/ .A--Sr Asr^ (1 — 13) 

. J aJU .X>-lj J 0 y O 4blS~" 4*«ss- jLJ As*y 

^ —«ss |X^O bits'_J j*—'tj ^lp A-^^rl A^rjll b^5 Asr^ll Jj iL—bp 

* f * * <* t _ «" 

JjJj . Ijj*- ljyiv» 0.ilp dly (_£JlJl JL**SnJ1 ^JLP JjXj ^>-i Obi jLiT aJLa^“ 1 (j jj>r jj l-»;—. aJ I- 

JL?r^j -Hz 60 JO^ tL-Jyjj aI^IS" A--^ 4>ryA jLlj dJj>wdl olj'y 3 Aaa ^ j^J l clC aS>L *£» 

.AjLi>- olil 

S> % * 

d jXjJ (4j jljlil aJsjLJJ J?Jj£”" **^J (5^” aJL*I^J1 4a;^// faryli ^«A^I-^ 

d^Lp dl3**l 3 .((^ — 2 — 13) aJLv JaiA-l J A^>r ja J? ^la.^l JL>-1 .U* 

.((i— —2— 13) )& yfr>£ oVUli'bfl AjJj 

A2) \j A a 1U l i ,Aj^La*w« 4jJL«v ^--o. $y A^>r J 4 ju ji.1 w\j 

bJwajJj +x AjjL«> a-Xi AjbwJl j^Ssj .(Jyc* J^_>r y\ jLJ jl ApUa^w-1 (_£_1 

. c->ij jl jl oJ ji —x ajjL->-* 

.AjiiliP aJLJI p-A>JaJlj 4*J>r jil ^-AkbjJl aJL ykS> jj^sj C^j>- C® jS- 4aj oUjil ^2JtJ 0j ^" 
aL^ jail 0J^J ^1 6 c jP <*>• L^i aL^J aJl jj5sJ ^ l! a^j. ii 2 a]I c _il5" 

4?rjii <£ 1 A-^ ^JUa^ailj i^A+0y) Aaj Aj>rQ..A>-^li (ji 9 C A_JL_^ ^ ^ - • 

. ZJLJzZctJj 






.lc.j£*2a jig-la^ {cj) AlalS buj* <^j* (1) :(2~13) JS-wJ) 

jLuOaII £y *I £l 

4j\~b O—Jl ^jj-io . <4a^~ jb- ^SsJ j oL 0*^1 JbtC. aC y>\ ^^ui* *1^°* 

„ La jglfl.* *_. «■!>*) ^L^lli dJlA ^P-.AJ .AjLi^bil J^ j J** 

* * 

(3c-x?s-li JUiNl 01 .jlAlil i y» Os-^1 lJL>-ij (3 — 13) — Jl £*■—<^>ji 

L)1 .^jJSj» (jlJL^-^l jl J^j^il) i^Jb-Jl ^A\ IS JliliVl COj jii Or(J tijj>r jlU^-Yt 

.^juJtn* ^U- jbLUal* j jjulaij <ju <y*j^ >* <br^b jJ-i 

v—~?r^ll <JUiii^U ^£jJJ ^J*c. i^b*Jl J^LiJJ ST*^ jA jLi^ill Or ^1 j^-Yl J^-—^ 
(ramp) 4*4^-/ o*-jb^l J j-l j+ Ja^Jl Ijla ^ju .L_JbJl JliJYU j>Ip J*—- j 
o»Lpj^- 4 <j (CRT) aJo^I! oJ-Sv <-^jJi <J ^m *« * » U ^?r^li J^-iJl I*1 a ^Jj>±l*~j .((4—13) J^-iJi) 

.jijiA^fl jLaliJ! 

.oiiStll bjb Y bfcXP j b i u ll ^lj>Y *b*-lj d\ 

J-li ji JU^Yl A^Ju y 4JbU aJlA j JAl b JUi^l d\ .2Jb*^l ®JlA Jb4 (5 — 13) _M 

. 4*iZi> h*y Lij . c-JbJl 

(2-13) a1— 

.(s 10' 6 X 1.0 jf l.Ojis) ajli 1.0 jLi (5-13) J^iJl J u»t JT jf 

y yb b ^Oiliil Orb 








ramp i-JaJ j j t^Jaj jji u^j jLila ^jjui :(4“13) 


(2-13) J* 

^n^ a ]l *.Uj1 j*-* 14 ^5-1 SiaaJl ^ A?-^il ibUi <L>Ul Aajj—0] 

^aj $.LjI £* A^r^il ^Ulib (jL~ J l ^1 j\ ^J,V) 4Jbii AUiJl 3b£j 

jU*v« T jj^ *^i (j*j <J*Vl cAJbl oU^jJJ ^jl 0 JLa LbL>- 

/= l/r= l/{4.0 X KT 6 ) = 2.5 x 10 5 Hz :jjjJl wjlfc y> «^1 .s 4.0 x lO^ 6 j ^s 4.0 







A nfua <a. ja l (5~13) 


aJUISOi SjjjJl <u«iJ . 4jc>tI ^JJisxdJ yw?' ^ly*! jj ac Oj-vJUgilj *UUll — » 

. ayb <Jy»- ajjJU 

Aj^U ASjaS AjjjsJI 

<* «■ ^ # 

b) a^1 p+MjLm .AJblb ajji JjUcC. {£ yb jSLio AjiJb* S J> oii J IjaLjS- jjJu <iJjl —Xil 

L$yuJJ j Ulb c5 aJ c£yb j£-iy ajjJb" dlJl ^yil .((1-6-13) j£-*Ji) *UaiJl j ay b 

bl .A^JJsl* (jL^) A-u^Lj cylaJl APli (j uJLl*^J ^yAJ LlJji <Sy~** c3 bjL^* £_0 j i^S $A*~ij 

cijy ?<J.l gjwLyg lS bL*J cd^^Ji jL-kw« y *.* ** 3 bb*P ati*Pj lJj-Aj a_s-t jL_r 

cL^brl ^ t lJbLi> abrL j JiuJ Ub"J a ^Jl j J-J .Lb&ij 4 JLpt yjb tAjjJbiJ dj —Ja—Si 

J-s^al) caJIj UpLJ ^ ^JjLu7 ^ .((cy—6“ 13) JSsJJlJ ^Jijl) jL~Jl aL^U *t>.-lpr /y» 5j-ib* 

Abb* djj^ jt Hz 1 bJLb y>JU*u . JUJb>r /y* jljjjJlj I-Lj b~y>- tjb-Jl ^yajf (J AjIaJ! SiajJj 

.Ajlilb JJL*£. a ^S\ jj~tf bliSl lAJliil* 

J^wjJl) A^s>r -bry* b*-lJl 0 C/y*y]l dJLSjX/? U&ly Lob" a^1)1 £_ by* C- C*j b! 

Ay^Ljlil Apt yLl {^Ju^p y . A-wj*Jrl cl^br yll A-w—flj Apr j Ll aJ i .((V—13) 

y ~ a sin bx y* j*UJi j .(x, j^) cbj = sin x —JL a-— 

. j L i *. S . > - OL^ap jbU b j a o[ c~y>“ 



OLJjjsStyj 1 ttU jfii I oUl 




«j-* y-ss L>jl—i. 'f j*- 360 (j! ac Sjj.s «lj»l J—<3j—U —?-} 01 

Jl °0 i^Ji I -u-j .(SJL.lT sJ&l SjLT j* jJL. V deg / ° U yJj *lj_*-Vt 

<* j# 

“JJ^ 1 Or* -UaAlil ^Lx*J .L*-y» 0y£oy Iyw? Lg-J 3JLjWl J ^>3 ^Jl ijjjJl y* aUa; _)l 

y£y ^90° *180° A^»yaJl (j\iAoL-Jl ^jujajtj! fju aLujj ^Ll*J .360° A*-Ji3l 4_a>-*>Ul 

.dJUi (8-13) JSLiJl .45° 



AjLajJI 


360° Jj Sjyi -(8“13) Ji-wtH 


oMjfl 

4 j[ .LyL^i* 6.2832 y^ 2 ji <j} ^ ac ajy^ s^y^ Jj_b>*i) c£y>-SM aaj j —Jail 

a*JKJ| ajIiS" y>Lcy) rad ^ >■> JL>-IjJl jLpI.d^>-ly oyli !h*£ ^ 1 p ^ y^*yi>i OLotj3l 
J-.P o'illi-l ^few* 3 y* j£\ OlpljJt 0 yJLyji)l ^Jbw*u .57.296° <Jty>* t(A—L*IS"* 

•ac ijj> tSy >ri ^ 

0i .(aJLiIIj «jj^) yykl y* (rad/s) OLol^JL yut* <j ac a*- y* ^y yL —a 

OLolj 2 tc ^yvj di-Jiy yyils yiit 27T c^y^i cAJlillj OtoljJU IjJii* tA*yJU yy/^// r// 

.(ft>) l*~*yi JJlil y^ail y-T^Jl lJs yi-L c£y^ ^y^ y*y .360° aJL*I^JI <>jyjJf J 3 

(3-13) 4JLm 

.Hz 60.0 ac A^-i ^y 01 y»yil ? Jj—ill ac jM c£y^' y* U 




(3-13) J* 

ssjb\ c6.2832 Ju-dJi jUJ 2a <L)t o^ upI 13! .2a y y*>b jlill ^yJi —^1 

Ujup iS 

CD = 6.2832 x 60.0 = 376.992 rad/s 

. Jadl 4 -*La flijf 4 j^Jj AaJ Li* oULj jS/ TCld/s 377 <^1 ydj 

(4“13) AJLu** 

jp ?>.aayJl y> t. .rad/s 10 5 x 3.8865 a>- zs yJl 

.Aa[* flijf 

(4-13) J*. 

jJJ3j AJlill? jLalJL iS jljJl ^yll 3113 fjli-o •>y^ ^yJl Jl* tdl—13 J—i- 

>* " 

7j z jili o_j£j JJJ-Uj .6.2832 jij c£_ji~* <2n j > ..-j s ]l) 

7k = (3.8865 x 10 5 )/6.2832 
= 6.1855 x 10 4 Hz 

ia^Ia ^UjI aj^Aj Jt ^ clO ■ »* a ^y — 3J 

7^ = 6.1855 x 10 4 /10 3 
= 61.855 kHz ~ 61.9 kHz 


AjLuJ) 

SC A >-y A*~. .Aj j' SyaJl *}' (_£y aZ> jJaJb Uiajl Aa^JI ^—t-Jj jl /j —^JT 

AjjVI 4jbuiA 

Aa-J| ajj, jJc JJ ,AJLa. A-IAj A|2>- Jj AP-llab^^l jl jLiil jl AgJrl 3C Aj>r7* aL ,-y/ A*^. // 

3?Ld*J O^Ia^aJI ^JjLoJ ^Jp 4< u « J 1 i *_> 

.A>- jil 

A]i 4 AjluJI 

_y 3^1 j! 3^^ ( n 5—* &c a>- j ..A 4 J 2 . — +mjzL! <*a>.—// 

<x^3l J*>U j\ latf♦ d*\>-\j 4^- (J^>* djJLi* A^j^/ 1 AplJdLl-^'^l 

J^io *)! .A^iiill 4>r jil jl 4xj jil ac A>rJp- 4^*3J y*Sll j3aJj J J<A-A?r HC 4j>rji dJa->*yil 





y JjLJJ eJy» 5j>wys> y& i-d>-I j tiLSsjr .jLidill a-**jJ\j oUJl a Jljkl ,jJ li 

*—cJs j*j iil ♦ (5— 13) (1-13) y* (j ^w 5 ^ll d)l*Aj jiaJl j!A>- 

.aL*IS*" 4j>rj^ J^Ip 4ja—jit A*~Jl jl cJ>yu 


4-4AI1 AjLui 

oL> j.AJ^I Ax*J>\ AxL) (^Jjl C^jLJl jt jil (^Jdi ^ ac ^*TW/ A-u*' 

. jL>-^l (j ol*~<Jl o-L a .Lfr»*uai i j-^ JUJUiJ aJL*J)j 4-_?rjil A _Jjl 

. A*jLt*Jl A-AJiJl Ax»-J Aj^L**»^* A^sr^ll <L*jaJl Ajc** L ^*b (1)A^r^l (9—13) ^ 

.AjjJb^- A*)! Slj A-fc^r^ll AajsJI O^Ia*w 1 $*3 O A>?jA (10*”13) 


^UaS - ^ <> AjlulU 


Ajc*- j A^r^ll A-aJiil A^v*» ^jLsAi^ (jA>-^1 (pk — pk) ~ dJ 4^jJfyA 4 a* * .. Jl 

L~J AmJo]\ — — <L*JjJi y Aju-Jl 0} <£j>-\ fiJ Jj-flJJ .((1 1 —13) ^J^-iJl) aJL*JI A -oJLil 


.aJL*J 1 <L« k Jl3l Ax **J a a 1 ,U L1 4-^aJlj A-pr^lf A-«JlJ! Ax*m 


. Ojjj-Xil f.Ujl A>r(^ jIa m A ^Xrj tj y& jj-xlii AAj A-ft*JiJl— — AajiJI yA A*_o~Jl 

AjbM j . AaJJI Aji*m ^AJt-dai AjjL*w* oU jii yA JjJtiJl (j — <UuaJl yA A^-Jl j jSj 

t ycjj\*~iA 2jl_Sij a *>?jil jbju*Ji L^_j 0 





AjLmJI 


.aJIaJI oIa .AjJluJI j a_aa. ,ja!) y£u*s&\ 'Cuu.a i^ 9 ~ 13 ) (JiuJI 




( ,p\j yfi* Jl :^l±Jt u->Ul 


AjuA £j ja kxMjxtl jiaJ 

aIUaJI A*^Jlj .ac ^>rji jJUjiff <A~Ji ^ ^jA jj£o Jljp-S/1 J—* jy —5" fj 


,UJI 


jl ^UaJl (j j»UJl jotljl djsj dc Ipr r . l Xw* ^Jl A^llax^^l jl jLxil jl 


^rSll j£jJl ^ lxJ> 117 Uli cV 117 jUM J jr^il JLp, jt Jjii L*jup .aO^I 

.r/W 5 jt -U-X/y^^ jlL ( ^JLJjj! jdJrL ZJbuij! ac y--i U- 

j-ii -1 Lv?L j A^-bc* (JZ y£ 4 j t ^If Ja.**jlL 'j*Jf jSJrf 5jL P ^ *j 

4 aL*ISCH A^^JrV As>? yLl . a)g ««<ytli 4 a**J| ^yp I1T1S A*-*** <^,fl.lx*»- . AxJ*VI 4 .^ w>5 y 4 kl^yl ^_jcj yj! 

JSC^o .pk - pk **uJl a*J> <Js\jw*\ 0.354 jf A*ift au* a*J ^U->! 0.707 rms a*J c£jL-j 
l£ y£ .rms a*J 2.828 pk-pk l£ jl~Jj crms w ^3U-^1 1.414 a>HI a*~- a*j ^jU.—; 

Jl*iJl wCgJr' y* jt A*b*Jl A^wxJi 4 4JL*15 nJI A***^-! A>rjil Jlgj*- otajy* y* rms yLxi^ SjIp 

pk—pk Ao-£ jU-j j tAoJli! Ao-jaJ Aj^Lw-o* 4 aL»IS”" A*j j * A>r j—-i. A^w« Jb rms A *-—& j J 

yj AJ^jJl 44 ^jaXlLl jS* £-1 y*S^J jLiull y^ g\ ja*)I Aj-^jJb .dytH Ak-*i ^y bw? j fTTlS A*^5 

JSLx J A^l A^J ^ j£\ rms W j^ .A>rjii AJi LS ip 4 -Ull A^ miS Aa- i 

-^y 


uaSjaS Dc 

ac/dc oLjf Jliil .dc^ ac oLS^y* Olp-S/i Jo *j J A^ryJJ j—* 

. a*L*Ji 4^s ....xji ^ Ui" c ac J ^LJ ' ^4 p tA^lia^S^ 4 ac 

4ac A>r JA A^i A^-i dc A*5^y« 13^ .dc aJT y» ac A>ry* ^ J SCc 

V-200 Au-i dc zjy ^ .dc a>*. y* jf ^jb I^ip 

.idji-5^ AjT ^Aj V 200 A*-jL dc Arp 0 Ua>- . A*UJl A^LjJi ^^^ 

.AibU fiJLi yll jSLiJ! (12-13) JSCiJ! 

( 5 -- 13 ) <iU 4 

-Lpr yb l* .dc aT^p c/l ^ Ait pJLJi ^ .V 60 ac A*ji pk-pk a*-JI ^Li ^ 

?A^i)( 


(5“13) 

• V pk 30 j! tAoJ — — AoJ JL^JV Ak-J cJs-sAi L*tc LfjL-w* Aibkl djjt> (j Ao_a]1 JL^>t 

.V— 30 ^V+ 30 <Jupj 




ojUsll jtdl : jU. dJlill J^ull 



(6-13) AJU,. 

L* . ^5 13) (3 4 ^-ls^" ^ +10 dc 4 -S”" j* * — y _p^ 

?5^_«Jl JlgJr J-* 

(6-13) J* 

Ay *jil A^ij! i y^r Aiijall jt-jiJl OOLp^ tiJJij caLL~-j UlA q P 4 jL?!-^fi <j SoT ^ 

OU JULj .v >30 *JUJl A^Ulj V +30 ^ c(5-13) *JLil aJU j .;UL~_Jlj 

^JbS^ tA>r^l*i ^^Ip V +10 1 ^ 0 dc A-S^<-X*P . Aj A AIJflJkl ^ ^ tf 11 

^..,Ai^ tV +40 A^jaJl ^»«Aj ^iJJjiJ .V +10 jS-XjLC. aJLJIj Or jli A^Ll U_g_?r 

.V -20 sJUJl 


jjlaSI V$U 

.^JLJi JbJb-cJ APjO (j j& -^-Ji . jUjlJal^ b*bi y <JOr f* U?. A>4j^[l ^jP ju*J ^A +[^// 

.-180° <<P <2n OtalJbM ijjbj .0° < <f> < 360° 0 <t> ^ Silp jjUI Ujj jp ^_*di 

l^L^I^JL> <Jbri 14 aj ."180° < 4 * ^ 180° <JbM jjij LjJ ^p u ^ < 2 r“““' - —“* 

oil^-l bj .aKUiII obi^lil ob £-1 uT 4 £jj j Aj jlj JbJL^ -Lai j_.- 7 t < <p < +x 

.i^X^ iA*j aJ djLi^fl aLL- Jl aLL- ^ j^LJl 0 JL 4 cobi^iil 



t<L- J a ad tj ith *-AJl 


jjW j*'>* 

U-^J .Ulc L^ hjD 4ja?xJLJi (3 jTjLJ <jU?s-jll Ol j^JaJl <3*^y _*i 

< 3 ji .( La a• aJL>-lj <brj> (_£^ 1 ** 3 JL>L*J> C-JlS^ lij) . <Lill£- oU^ l* 3 > ( 13 — 1 3 ) 


. 0 ° *JbU «Jla ^ jjtfs 


y* U<2jl 0 j^S^j ^ jl j 4^r^ll 4^3 

4—«A> yb 4^-liil 4^-^li 


OU tjjJaJL 


0 l^>rjll C_ilT bi 


i <UulS| oA n-j* ^y*^r 4j^L**w* C< 


.JuTJlI 



. jj^W u M u^>® :(13“13) 


jjJal) (j*£\ju 

01 . Ulc 180° djlJbL* JLpLjj Oll~-Jrl jll^r^ii IJLJ L*JLL£ jjJaJb Uh«~S'btZ* f* <j-^ <JlA> 

.(14—13) {y ^J ^3 JW’J - 4 cLUi 

Lk^a^j 0L*lJ L»j&U tjjlaJlj jjcu+S' L*i» bjl5^j ol w ^^Jl { yd i ^pr tju^!-ji 01——S*" lil 

./^•jji aJsl^* J5" (3 Qll~S"1*1 *j 0L»jLa* 1* <jU?rjAU 40*^1 OS/ 

^J^y l4j£lljl 4>-^ll A*+J 4-^«J Oli ijyfa. JIj i yJi^S' L*l* UlS"^ 4 a1i5-- 015** 151 

* 

jylf \jyl~A 4^Ul A*ry il yy& Oj^L J . JdS ^il p-* Ju JyaJl J,1 c£jL~0 C^pr- 4*rj-« 




. ji gjlixuSljuA j'imik. :(14—13) 

«lyut 

4j»r jil olJb bl .AiUal* bj&bi J> jl ^Jp C F Or jilj Or jil jb>- y* -b»r jj 4j 1 ^£>yil 

cUfcjpw? ciJUi o. jjjaiL 7 <ju*2 ^ Orjii j jp bi iajup jUj tojjjJi ^ y <>* jil Ji 

.90° jUi*. F**->l 1 ((15-13) J&J1) 180° ^ Jit jj*> Y Ji Lu 01 s —£ 

180° ^ 0° u/* bjLw» jjte& J (J0j£> 0i 

jlj^ljJbj .0° < 0 < +180° 0] 0 JjW Ojly ^ jjW (J 

jl 2» y X <*■ 01 Lib cFbrj^U v«JL + tc/ 2 rad j^Xo-j^li jL b_U bl .0 < 0 < + tc 

.7i/2 rad jji^, Y ^^ 

J^hlt Jjla 

c360° (j-* jup\ 180° j>S"1 jj iaj F jil lioJf 01 <Jp j— bl 

180°J 0° (J/U b« 4 »*»jAj F 4j»s* jii Uju b£jj^ oi*X> Ji X. O*!*jil (1)1 t<ibbl dJlfe <j 

d4>“jil 01 (16- 1 3) . F jj^ aJ^>-Ll* h>ry* X <*■ J U . U-^-U-ba Xj ^ 

■ U «u *» : ji N °180j °0 c* *** g?f (jjU* j>Jl JJyj! j/i of .90° jlJUU F ^>1 

Olpl^ibj .-180° < 0 < 0° 0 0 5Jb^ Ojly jc>-llJl j^ls? ( jp 0L>-Sfl (j^ju <J 

j^JaJb 5 X Aar^il i)\ bJli cF ^s - — 45° X Ofj bJU bl . — 7C < 0 <c 0 

.45° jUJU.F^>1^ 






OjLsil jLJt : jJL* vUlsJl 


X A^-yli A*-y*» ^jL«j . Yj X UX j j oIS^Ap (17-13) Jl —^y 
YjXo^^S cf f-j&S 3 ^ 0y> J>1 ATfU-SJl JliiLj t y a^-JI a*—- .> 

Yj X t^- *a)I 3 .90° y A^t-yiJ X A>-yll y ny —aJl 3 . j j —J ^3 lj jli— 

.90° j^-lac. y A^-yll 3 * A>-yli 3 *“^ o 3 .j^WIj 180° 01^«5""L*j> 

. 4j >-jll ojjJb oJ»>"lj 5JU15" 5yl^ <JJLuX. <LpL*JI ^yjLoP o'Vl^-l 3 a*— jjJL_J 

Jy>- Lfcy jJHj ^ ya5J JaJ£ ii?y jA 0 ^S jjJbj jj-b ^LuJto A^r-yli yP tL 0>ljj 

.^L-fj 

^LuJuJl aJLyl? oyit Cr*x. ^ -L«jta ol" a^a-Jt! a>- yll aJj j!b ^—iJ 

^jA ^5t£ N ‘^ >r y y* OS y^-S/t oLfcl^-Nt (j&H (3 a,^ oUl4)|l ^ya— *j 3 ji ^^ 

. IJLaic* o'yi^i dJLA yaju jy^J Ol y^Cy c£^y3yll 3 AaLi>JJ 

(7-13) iluL4 

-Uiy .rad 0.5000 jyU; y A*-y^ ^y^ ^? -Zy *yy cJf obry* <3 >*Aj .ay*y y*j— 

?t$JLP y^lj jl Z A?ryil A>-yil JLiy A>-ji . L*LC 0jy.i ^yOj Z A?ryil Y APry^l 

(7-13) J* 

LylJ jlj^ljJl (^yL-j tobrjj jylaJl ijl jj 0»L»LJ £y«> J 0&3 ca]L ll fiO 4> J 

flijt A^jl Ji V*>M C>i) 0.5000 rad = 57.296° x 0.5000 = 28.65° cdUU ^57.296° 
ot ^ tj>Jl Wjj ^ ^ dJUli .(36078.000 ^5) 45.00° SjjJ! ^ .(3L^.U 

.73.65° jf 28.65° + 45.00° jUaj: Z su-jll JLfcy Jf 2U->1 

(8-13) 4JL^ 

*rad 0.5000 j^Oat. Y a>- yil JLiy A^-yi' .Zj c y^ ol >y 0o7—J ^j——iil 
j2~\Sj j\ Z Or^ll X Ji .L.LC J ^ ^ >-l^j 5^ ^-?r * It 

iiP 


(8-13) 

Zj y .28.65° {$] tiiU-Jl iJL-il J 5JL~il o-La <j Jj Oy <3 (3_^Jl 

JJLj IJLa j 1-45.00° ^L- .^Uil oUVb ^ 3 4 U_ J j _i; 

J>J Z 4»>l JLiji X a*.jll dUJJ i-45.00° la. Z ^^—il J—iy 7 i~j-L\ d\ Ll_J> 

Jji 0t *W4 .4* J j4iiSl» -16.35° jf 28.65°-45.00° ^ ^Jl_JIj t (-45.00°+28.65°) 
•°16.35 jjh, X a^^JJ Sjlv Z i»>l 0t jf 16.35° yZ^I^SJf *>-jit 0J 
. a 3L—Jl L..xxp l ^ ■ ■• At .a^j jA _j H jl5 4(^ j ' 

j&JcS\ j^jIp ^JopLw jy# j oLT lit -V*j^* yp villi ?jjPl j_ j5j jI-Lp^I 

.ifc-jii ^yii 



ikJ AJli c- 


wUp ^|v2jjJI |j-fe (Jj ^alll U—P 

. ^t^Jl Ajli (3 Oi UJLp c^->tv3 

<* 

?«Jv° £!J l3 W._/* J 1*^" -1 

0.7854 (a) 
1.571 (b) 
3.142 (c) 
6.284 (d) 




jUsLl jlfJi: dJfcJl J^ili 


igjjj jr olj 1.0 ns (1.0 x 10 9 s) Ji*i m*' :jJJ JT ot .(18-13) J^iJl Jl jlp .2 

.«_«*- of ^ j *I jiJl rms y L* . 1 mV (1.0 x 10~ 3 V) Juf io y\s- 

mV 4.8 (a) 
mV 9.6 (b) 
mV 3.4 (c) 
mV 6.8 (d) 

JJjSlI jA l* tLj—ii 4jLl~Jl i!l*J.I ylV^as*- jLtf-l .*-* 4(18“13) J^-iJl 3 Aai-j —Ll 3 -3 

^ll aJLL yilil 

MHz 330 (a) 
MHz 660 (b) 
rad/s 10 9 x 4.1 (c) 

,oL»jl*ll »1a y J \I AjjJi- ^s. ^ (d) 

# 

4^jjj d . t « j (_£.LJl tc^L^rjjJU y 4(18-13) 3 ^w’^Ll j —Ll 3 -4 

?5Jj>-Ij i^iil 

60 (a) 

90 (b) 

120 (c) 

180 (d) 


O-jfl 


J4*JI 

.4 j c3 J a jajA\ Ui-V ^33 :(18-13) Jiill 



j tij.wjtairitj oUl 


ji-xsSfl jLJl £-4o mA +543 oljja ilm> dc <*■_}! |*JapSll jl—Jl £Jl—j .5 

^i4pr d*xA 4» al l—<Ajdl ^jA L* .L^ajt S«ap *mA +105 

mA 438 (a) 

mA 648 (b) 

mA 543 (c) 

. oL*jl«ll «Juk ^ja <oL~>- V (d) 

. V +1.00 dc '<*> j» U tac <*-y .V 5.50 <*■_)! pk — pk ^JL .6 

-^1 >* U 

.(JliJLb oA *^jA JjjI ^ bA (a) 

+V 3.25 (b) 

-V 1.25 (c) 

+V 1.00 (d) 

V jd,\ b» l3L>- JUL .7 

iJLb Ajbr^U C^L»jLdl £jA Jjj 1 ^bA (a) 

+V 3.25 (b) 

-V 1.25 (c) 

+V 1.00 (d) 

U . 4>«jb " j^1»■* 4AJl,1?7 a l «J&b,3 J> , ’\**.**‘^r yA J J ~ 4 ' ^ *8 

. Jlj^Jl t Jub i jg- HjLjf^U ol• jl*il ^ ^b^ (a) 

90° (b) 
180° (c) 

2k rad (d) 

o^ J^* 5, ^ **bA' 9 

.4^Jrl (a) 

.j bbd t {j*A i»rji (b) 

.(ramp) (c) 

.iLin-Il i>r(d) 

fr jjJiiJ <1jJ£ lib* . V pk -^Ar iipUi* _f* f boa J ac i »-ja . 

.IT Jl (a) 

• 772 Jl (b) 

•0.707r Ji ; (C) 

■7^ (d) 
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01 y*l j\ai\ ^JpLaiJ .Alii dj~ a. . .^*»iy>j0f "'- 

,il j^xZj aJIj j^ O>L^»«-0 JL>r y L*JL>- d>r y . A^^J^j^^Jlj 4 ,» ***]&«* *> 11 4 L /l A 

.^Wr jA jli?V 4-^JL ii J>xl J jl ^y>0 


JbJlJ-l <_£ j£: .^L* < w a. * > O^Xj Aj*tj^ (J>1 0r rf * 1 ^ v/ ' (^5^ js^"* e/ 9 ^J* &1^£'-'- 

C J^“* J-a>- j^$JaJ OLyM li-* c^^Jd Oljj-b a**-— i Id „. j## <3^.....,.}a.> 

.<_/>jS/b -^4 c5# 

<Ju*Ji\ A u^ii a B cJJaS^f Ij 

c-^Uaity A-j y c-^UaiSft oJla jl .^Jg,Jtii c-^Uail A-JtJ cylUil jiti} 

£-4j 0-UT (Jli?*' 3 o«X*Jxxil $yyM 4 <5 ^* 4 3 ^<«j,ia;wl l y .,Jaaf f ^ . * / ?yJZi .\A\j—k2r\ 

Jj+lbfj JULj .A^yJrl Uaii! OjUll JA Ja-^l J ^ .,^i„„:,tf 

c -^ cr^j -y^' jj*^’ <^' jy^' or* ^ ^ Jl ^ ^ 

/jti •*y y^ti ^jSfl /> y- 


A l.M+.ttt «t J 

^ ^** 4 ) 3 « * J j y.4^0 o yJ bi ) c oL^-b jlI j y** 4j^>»^««JJ *«z»^L* mwwm^'I 

A>r J j ll? jA^2A Oj^J ^JjbM 4 _aJLM 3 gyyjf b&A : J^ 

^jIp Ay^^J l ^yi yjj . j >^ 11 ^pS^Uil 4>»yi 3 ta«l£ ^ 






<c J ^,t,l\ A>-j y JjCLj <t^-. j <_jdbj Jii-I jjJb Oljj.3 *b?i 

<bb jj .A**>jS/l 4-wJaJtll L_jlja5*>U A-~*Jb Lj yu I Jb\zj> AJL* ^jxHjj ^Js* j j ‘Xj 

.^jS/! JiJ-l oj-io ibjj c^jS/' ^ a*Jl 

MiiUdtfjlitt ^tl AluajJI 

^paj clw j aip .OjjLxit 4jw»jS/^ <3 —1 

<< <i 

<3 oj-5 Uai ^ii-b y~(£j^ • t *-r > J* 35 " — 3b^ fib4b U^P L^—uu a_3s»^j U»li C/"!f ^ / 

^jA joLJl Ijjb to^ftljajl o~Uo t^oLw'l jy*~ flj ^J; 3 i^l O o' .ol j Al 

3-5 y l»Jbw^« Jljj 4 a*J> o>b SapL-^ aU* j tu^Jzjjtli iL^jJf Jl^j V . ay*-~—j 

bajLP 3 -*-*^ aJu^^3 . A 3jJlil ^ Ull i^Lij ^p la-ju ^5L-o y j <-y ^iL-J.1 j tSjL>«-Jl 

. dXaA\ 

3^ oji (jiaj C-^7 ^Jl 5^jl Jj>> ^ «Moj a ; wU J-^-l 3^^*i 

Jj J l£j3^) Jaii 3**^ c£jl»*ll j o *1a J-^aj V J ^'- 5 j**-*aJl ^r*—Uuil 

# j * 

^*3**^ c.ljiv-'yi Ja>- 3 ^pj^bJl 5-S^( 1 ),^-^ljil 3j cUa>' l£ ju«X \ 3 3^*^ 

AjjL-I4 a5L~* 3^ Aw?jS/^ 53^ J^>- <_aJLj ia>- ys>J)j\ 4I Jup i 

^->jS/l ^*-3aJtLi 4-JaiJi oL4\j 4.< mjJ*l*U L y>yd! y 

oJLa 4^3 ^pJJ 4^""1 j 55a-iJ 43^*-^^ 4^^ Js-1 

f * " " * * 

b] diJi ai 4^-> ji\ aJJi 3 3 ^^ <^» 3 a-S"j__Li 

ajL^jJI OffcjJ L»j-j caJl^^JI a>»j ^3* 3^ 5 (S^\ .aJU^^j o—L 

Aj^jlam a !\ 1 jilt 

43SLJIJ 4ajaJ-l 4^-^ . O^ljiil (jA*3 (w^a^r 'yiiJal U5^ L»aip b—Ja*-* iJlJu_ _^i 

oJjfc 3 p o ji JajUtLl oJla J;)a~ .4L- — A■'*^ jjy^l £ji ^ 3^ ^a*^” 3^^ 

\ .^jboijLJ O^btll oJl& 3 3 ^ 3 Lp 5 y L*^*-P Jailail —iaJ N .d)^l—*il 

a-x- 4^' 3 b^b j^ aJjUJI -^Uli s-^a^r 

Sjillj CJUyuJ I 

jajtil JajJuu JllJb J 6ilil 3 oljaJl ^ ^‘ :: “ 4A.«-3 ; *- 4 j3 ^b 4 Axjai ^^4 t j» i Jrg;iill l_-jj-aj aip 

oljij Aj*-J|UJt4jj^aJl S^lLl olji 4.*.***.Jr3 '**■■* 0j3 i^Jlb ^cJLo . LjT 

^ - 3 ^ ^ ^p A^bJi 5 3 ^' ^ ^i>>-"f c r 3 aj ^ > ^ W3 <j~*— 01 —s^ bi 



;jJLp g\J\ 


JlpLlj ji JaJlill jjblJ) Aj j o yi\ <Jj£j l)I cjJJJU AiL/^b .A^-^jk*-*jjji d^L* £jA Lj J 4*~ is 

^ £ 

7x_w2j . i_JiJ ii^ip ^b*Apl (Lfryaxj dLrfrb aJJLJ jl Jajliil ^Jb^jJ) A^O^ jl (Lfryg._ tu ^ _P 

.Lg +jan> ^jA Jgjlill t-A ^Ilb ®jaH 

? 

l)L-J| ^OZu^j cLfl Jl AAjJbr La-p Lftibyl OL-J^i ^ l^bs- Aj^5 -lajliiil { Ja _ *j jl 

^Jl aJL JaJUdf ^ Js■ iiJLli J-la^j ,U^jl*j aJ^LiII Aj ybill 5 yd\ ^ip ^JLiu—Sij Ig-ba— *-j l$iu<a—I 

^*1g;».* v^Ss-C .Apllkt J <la>wA <^oU«Al iS ji IJLa (j l_Lg-A. slw 

J&O. Ajjj 01 jSs-C cii <J+ ^aLaj ^a3 Jk- <^b^4^" 

4**~fl3;nil ajL+>jJb iiJLJi ^PJj . y>-T ^_**or (JJ* £3 jJ jibi >-S/l A-Jbj Jgjl *il 

.(magnetic levitation) 

ijaJI J* Ajubj^JI Jk ja* 

^«x.wit ^yS uJ 01 *&A ^Ja^- C A ^ .*« < jg I i c*^ fi.5b* cj^ 1 j5 l -» . iS"' 

,^J0 (j ji OAJA- (j Ay 6 4L>*jJf 4^*y»- ^ UajI 

Aj ^_£«Aji A-wmAj s - - - A1 Aa&m) ^pmf/3 a ^ ^ **^Ja* w l l ^jl^-l Jj 

<f f 

.LjLaJ oU^Jrl a5" j>- jA ^juJbbl biS^ (J Jjj—Ji.1 jW' _yL _ +* 

cA^JlaJl JgjUil J .5ji Jl Sji jj. jSLil J> dUJl J obj^S^I JJL:_J 

. (Jl*i jbj ^bJ'y C-~^T aj^ jjsjl (3 AjjlJill 

j 

l3J-Aj .f,l./gall j Aj^>«-*iJki C^ba^t^ J rl a 5^y>- aJawvIjj A..»>,lg‘.i<I.I 3j-(4^-1 - \ ^J- 1 

II o ^ - 

O^IjLj Ttlij . A*?rA^jljA-L>t-J^ 0^b»»**^irl oAa ^^JLil j^l^b 

o * j 

3^.A^-I 0-A.& ^pLaJj b*-LLP . A^M^JgJL*> ^ O^ljblil oAA Uj J .{.l */Xd\^ LALaIiI J-1P aJIxJ 

(^jliai^/l al^rlj Lg-»J j~~j Cdt^-'yi j±Ju ^1p oU-*-Jrl d-i-ft j-Jfo t^_^>jS/' J- aJ-1 

.AA-^-^alxil 

^|^s^«j 4j oL wm J?' ^3 Jlaj (,^jL&tJij ^/b ^3 J r ^ m 

A-^JaJJ. 1 ^Uai'yI U>jV >J -iJLP toLa^-wirl fijjt Ay^w^JaJJtil JjAjbl ^JaLwwJ .^llxil 

4j , < *** Js '*<✓* Ajb^Lfi' \_A^JLP iA^f^j 1^1 . ' ^ g****Jg * x l»l 1 -»P ^ A 

C^13j 43LA\ aJL> j& Aj jji oNUaj^/! ^i-P jJ^J 4A^v^jS/^ AA_L? (3 _5 c£^J_J 

C^'^LsAj'^I (JjJbbl 0-A& J^iJLJ jl /^Ss-C 4t_3l5^ ^|^JLu dJbA-i ob>i_?rjllJl C-JtS^ !3j .AlJtil 

f 

b*^p ajj^^AI JL^j')| 1 oLJLa-P l)j^sj .a-jL^SsJI 5jJa]1 Ja J^-IjcJj Ai^L. Ji 

ouUl ^ oU^LJjl ytff ^ .A^J^I oljyt- dLk k—> 

AJla-iJ! A ;: laaJ' (Aurora) Ijjjjl 5y&U* .Ukil ^Jsup\y!>\j J~\ g.UaiJl j 

.wb^kAt 3v?!pAil JAJl j (a^j j' 



tt-jUt 


£ 


ia ij 

^Ja] lijj dJLi ^Jj>o t JpUzfl J?jjz>- ^jA 4jJj fl^-1 jl 0 j-jIjJ—- jjJi j? Iiu 

jJUL^« i»jkiU JS^iJ V .(m 2 ) y* jl (CII1 2 ) £*y ijw ^JaiL* 6jtU (3#^i 

. 4,1^>>») jbnJu tfc.3y*"J JJ ^jaH oij& L^JlJ^- L^jJj t-jliir! tlr^J tg.lya-dJl ^JLji3 

f c^ijj ^jIp JauJ-i e^ljj ^ a-vs j c~*>- (^JLJLiJl jlfcjJl C-j1j Jj* 

l)I >( j M«) a ; wl l j!j4* <J Juii-I cLj ju 3^~^ jJt fJalJ ?43 jjjl O —A 

.((1-14) y+£ <^b . fl7 ,»,» l l ( j ^.i g .^. » .l»l ^|a>- 


d^l^j { C3 ^<p*Ip 434^i ^jbi y£z ^i-Lw* jij^ ^ 

y Ui^ 4 j yb (ji-UJl JajJa? 1 - Ot iJJi <3 »i-LLJl Jjy (J j+ia 

^1p tiJLL*Jl ^Lp jS**y*^ 1 • 4^* tlJ-L*Jl ^ jL* i^\ 

.((2-14) JSLjJI) 4.J 4JL>«-*iJi 3"^“* 



.^jJ lLjo- 4 (jMjlnWd Jja. ^iitijiiVai a! 1 (jiSill :(1“14) 




^: j±s- g\)\ 

tj\ y 4-j y OjSCj fUaiJl ^ 5jaij (j dJJij <-^>ry jl oUl J_i>JLl 

jl jCju ot^r^ j !y ^jjJLlil Js ?jA . jLlU l^JLL,J| y* A+Jj _9 

(wjUa^Sn <ysJ ^Oaj'yi ji .yyJrf c- JaaJf y* ^ y&i J c. . Jaa ii y* ^jl IJLj 

jj ^^ja.:.*. U cjaiil OJ !oL*>L* ( ^ r 5"l*j c4JLJLi~i <j <***.—JhJill 

jU cAjLi^* jSLio jJJ 4JU^J1 c_jJU£ 4j^ __aJ\ 4 jLJLJ~I 

<Lj yJ?\ (wjljai'yi 4j^ J,U^iJl gil 4 jLaJ 4 (j y> 4*‘«^ <ww_JaiJl 

t-jUaiS/l ji d\£* — Lota y+J C^J ~ 5JL>- J$ jA J 

ijUx, vJKr ^'U V JSCjl dULJl JJiU Ji* cjLiU J^LLI diLJl j .4,,~ ,.,k:«.U 

.4jlp 




. fJlUm* Jaa> 4 £^)Vu>\I 4 Wtall (JaI yx (jf~ £6jUH g..ut Axik .all JjSJull l(2~14) JSaSJI 





t ^fby^SJf ^. Jsa il y f-L jaa il 3 ^y <3^1 (Ojj jjJlS" ^S^Ji ^ Oj 

■bjjapi- ^j£- .AjLdl Ai>iJiJl £> A*JV^il <U>*-jJl 3*1 yj *y .aaIjc* d~^J aJ^>- ^Jb^g^ii ^JUll -1?jiaS-j 

* 

Jii-i .b^Jai a:>jJ^ J>p SiLd oUt4^l j 0 y^* yi~*j> pl*~Zr (J^ ^Lj sq£}\ JijL:_11 

.AaIa* oLaI>- /^P OjLp jji-Uil _L?jia>- 0 j^Xj tOujail t_3j^Jall (j . «)■?,;« M 

oULbM 0.(^jdrl <w-JaaJI) Aj\j£ aJaaij (^Lo-jJl L _ Jaa^l) AjIJj Ajaaj ‘WjIjJI Jailili 3 bjlj JI?tjj 

^Js- JjjJ-l ajl ji <-->j\£ 3 ^>r ^JSlju ctJJ^ aj jj .jLJLl J-^bM tlJLLJl Jj>- yljJ £j—^ 1 


.Aij^ll 

ujUaSSfl GbjUij uUa&t CjLuUj 


0 jlj JJi>- j* jLlil J-*bU uJ-LJl J^>- ^il Jii-I i ^r~r M ^ ®j - 4 JjSl ^ 

L* IJlJ ^ jS "^1 aJg-tl* jjljjJl JN ^Lp (^Ua#! Jj>tjj N *jl jl ttw-iaail ( 3 Jbd 

c—» JsjsJ! ^yLu ^xJijj .j^„LLte«Jl ty J-*-^ Ol^^* <3 ^ ^ ^ 

£j* Jj>- OU<aj J-AHj 3*~^ (j - 4 t4-~5"\jcdl A ..»,tg;«li yd-Ja$S/l £T jj jl {y~ -ja **^ 

^IJajShj 3JU.~ll c^UaiSlI 0 «ja* »> jl A^adb pL^ltf ;*>» AA-JbM (j 

.( 33 **.**^ A su/f$£j> l-^jl 0 ^Jj LL?Ia) Oj^rl 

<* 

^-sjaull ( Jji^-l Jj£j oLj>«-b* j a^3i-m—* 

^Ja ^-1 . 3 ^*^! jl-^ *w"tt—^Ua®^/I jl 3 *A J^l ^AUm ll ^ j*^j —jalxil <J j—?- 

.t^iiLJl j\yr. 0 y Xil jLiii <iJLLJi J^>- ^*>«)g:aLl 


tf ..jh««a Jiaj 5jS 

i jPJo 3 . Wb U> yjij t jHJ ol-b >-jj ^ 4M«jg:irU < Ja>*JJ aJ^JI aLJ— lail ^1—AJ 

joj .lu^r U-a -3 ^*Ja^il J^*l Oir diiij (Mx) Jjy+S'L* ^a>' ®wi—jL—g-S/i 

.1 Mx = 10 -8 Wbj d Wb = 10 8 Mx W 100 gjjLw 

(JAJ&J ^Luoll 

.Jjj^5"*lllj jl jyj jJ\j Aj j5 ^ J^u Ji * jl |3b jl-S*" bl 

j-aj CjUJ-ja^,^ olJL>-^il aJ-A ( JjL«j .(G) jl (T) ^PJJ ^y- ULp I y3 j\ 

aJ j>- j 3 3^1 -1?^la^ ^JP jl JfjUlIl jJLtS'y*j . 3y^ ( daA* 3 ^JaJ -1 aJ-j jl j 3——^ 

A»i^sJl Aj^Jl oL>JJa-ya^ /j 4 Ay^lauit oljoldJ jS'l a J_;li oli ol>rl Ja^a —• t ^__Jaail A?-l^ a 

•M 0 

1 c£jl~J *>L-J 1 UjIJjL* 3iJJ AiliS" Ji .5 c3^J-b 5 jLp o^jUli 3 3^1 AiliSCi jLiu . ^JaJU.11 



: jJLp &JI cM' 


£jp Je_ > — 5 'L- 1 ,j _)L_J ^>jU 1 U j\Xk* jiJJ iibT jl .(1 Wb/m 2 ) £A' —sib j;— j j 

.1 T = 10 4 Gj d G = 10 -4 T J .'%~j 0.0001 L-U ‘J&t ^_,UJl jf ^ .(1 Mx/cm 2 ) 

. lO^iJ^Jb '-T 1 J^>\ C%~£\ (JJ ^ySjUjt y ‘ 10 4 S>J*Jb i_Jt^jUll (jj *>L_Jl y Jj 

* * # 

^Lwaib J>J cUJJ ^yajUJlj Jj^*~S"\ll jl 'I^U-.Jlj jsi^\ <jy jl_S" bj 

a>U J* 15 " J^-iu ^ 4 -^ caAIp ISJ .W 20 l$x*g aJ jA aJ y^> apU^i^I jJUa> ^L-v 2 —U j! Jpj al 

J* Ijiiv 5 o^*J-I 41 aJL>J-IjJ! jljjJrl Jl ji' f.jvaJl J-* W 20 J-s^a—;~- 

cr 4 ®Aj ^AiL A>-l^]l ^Iwail jl pJ-*-> cJl .*jjaJl ^P lA>- A*^- j£bio Ulb j —M 

*»ijIj1 ^1 j>ap jLjip'yi . a**^4j apIJsJ a*$15" SAjI ^ AiL *y j ■ >» ^ &y*& Si 

^.lalttil jt LJ^5 A-Jio A>U 4 ^-j jll £jjaJl i y* oUljJl ijA bAP jAsOj r L « ^al t Dl J^aJ L*A_P . <>-L~ - il 

* * y * * 

^jA Ixjc* bAP ^Lwall l)| J yu Ua_p . Jj^n*S"\il ^1 SbAP ^JLj 4^”* 4 ««*« «la>** jJJUc 

. 4 

.^sjLitil jl ^^4 bap ^JLJ jjiAJ ^jA?xJJ 4 Jl bJ ^5 a-Juj 4 Jli cA^-L*Jk.! ©a>-jj olJl 


^JjA«i!j Ail - jji4Vl 

oA>-j .(At) aa/ — j&a! 3Aj*-j Lil .AJbJajtill ^-4 AiP 4^^>-1 oAj>-j <^Jj— 1 ?y 

A>^^]a,;,iL4 aS" j£- oy A 1 AjA^i jlj A*i A-J ®^jlp <^3jdiL4 (AJ-4- , 4j*~j,ht*J>l 0 yaJi 

a 5"d^ill 4 A**saJ jUI (^s^J caaJ 50 {£ aaL>- ^ 5 ^* • 2 AJ—Jl .At 1 4 . " .^^ 

^jA 4j^^il aaI^-I ^ j4l j4*^^ { m y 3L i A ^~ ^j^ .At 50 (^1 AiLL-Jl aJI^-I ^-a*-/ 3 50 A^bil a^*«—. 4^ , 1 1 

.At 1 Jl vg^l aT>I sgjl cmA 20 jt A 1/50 Jl Ul 50 

oAa . Ay^JaAtll AS"^^1 (At^ ^PAj dA >-j L)b>-Vl { ys*> (3 ^A^tX^w—I 

Jl Jj j>ciii 1.256 i-uib vv 5 ^ cjj4jJI jap l)j^j Uaxp .At 1.256 Jl y>- oAj^j__ 1I 
.oj4v Jl Jj^ xli 0.796 ^AjJIj c_j g^l cUj^t4 <aJ — jw*Sfl ^ap L»axp .aa) 


jLuS A!Vg 4iliS 

j/j vi; jLj v j*- (^1 g-i-.^a a 14 jf ^ig>4 J^i^i ^AXo-ii vajul« si (j 

AW 5 A>-jj Ja Ai .gULJl ^jP UAxXl bj5^ gai^Oj jJLLJl __ilj^ U Jj5"l ^Alll A#U5" 

gull l-3 jJaJl j V^- 5 V^l j j£a c_^l yk\ ? H Uii-Jl AxiJ ^US" jiAlil 5iUS" Jp ^ 1*J 

.c-4v^' 

. A*i A. Jf>^*l 7 AXo-J IjLj l)I I . blp yy QS*. •* •* y 11 A_>- jSv-JXj tlCJftj l^JL*4 jU . XP^4 A > 

cUJULJl jp (^4) r AiL^« AjlJ ^Jl P aUaJI jLip\4 a^- (*>L^J4) J^Axll a>US" JJ k_ p^ 

J^biJl (3 £y0y* UiJi d\ .(Uii—Jl gp (^^J^lp {£yi~*A C^l) UiLJl Jl ^pOiS^I jU-il 

:gull aV^S jif JUi4j .(3-14) 

5 = 2 x 10 “ 7 (//r) 







.y h J jUii lUUJI AlUl Jjft Au» ^ L^C. j*S :(3-14) 

.oUl ^JLP UtfljJ 5iJ;> 2 jtipl AiwaJl oJu j ySo: 

s* 

j jJL L Jl L&JS"^ t^JLLJi j* a*-JI 4jjUL« ^ LL w^J) aJI^j ^o.k ' ^ -\ \ 

* * > 

oL^i-l U. IjLl?t I y* 4n.*+&\\ ojjb j£s\ L>JlS"~ t^iAxJi y\Jk I g «♦ {£^ H P 4 J 2 JL—11 

. <LJLaJ“1 


(1-14) All**. 

^—* jU aJ y: j jij 2iL- ^ cm 20 A*J 4jaij j jioJl <iLiS" ^—* I—* 

?mA 400 cJ 

(1-14) J» 

<iytC../ = 0.400 Aj r = 0.20 m .(SI) Jj-Ol flliJl oU*-j Jj>- 

* Aju^jJl (J ol^ajyuj 0 Aa 






B = 2 x 10“ 7 (I/r) 

= 2.00 x 10~ 7 (0.400/0.20) 
= 4.0 x 10' 7 T 


(2~14) 4jLuk« 

^P 3 ^gauss 3*“^ AiLS“ L* jj3 

(2-14) J* 

iiLJl aJLJ.1 i_jI *>r i_j j^a Lie- 4jl viiii . le 3i (j* J jaL u' iiiUj ^ g «i' 

‘10 4 JJbJb 

^gauss = 4 0 X 10 -7 X 10 4 

= 4.0 x 10’ 3 G 


4-ubj^£JI JajULt]) 

iJjJj- iJlfc «yaj i)\ a5^ j>%J> 4J>w (^1 jl ^5^ jLj (£\ _J 

Otfllil aJ oiJL* cJ^jaJU ii.ll <*» (_j 

a^5 4y«-JaJL*il J?jiaii-! ^j* cJjlLl al^ili _5 £_ ^j 

.((4 — 14) lJL* jJJi ^Jijj .aJjIa cJjJLLl ^ c-j jiJLjJ a! 



O jU ^ 6 

• kinn ^jIjj^S (Jtt iin iw* :( 4 ~ 14 ) 


OUyuoUl 


aJj yb 0L>“S/1 yaxj <j 4jlyb-^S/l 0y^J .bjyj bOb yljb*A JlP 40b j ^xil Jailiil 0y>J 

loAi ybj 44J^b alyJi Jja± 4~m 0 y^J bl . 4^y*'y dj^aA {£ y-S/l yaju (3 Oy^jy ^4», »jj 

. c~*y ^j^-io olyJl jLAl yP ^Olill yio^l ;bOb <u«jij 


j-a 1 ula 11 jLuA -LLojS 

^afjo** i>.w .» . ^ ^ ^^/yil! yl Oj*xA“I y^* <i—Ayb* j L >m>m<* 4j? <*ilyj b«*■» b * * »* £.bj oJb^j: 

01 y l05"~tl* y^ . clO JjcoJJ 0y£ (^1 <j Lj>“ <JoUy^ll o Aa yyii . 4 Jy>- ,ii*>L*Nl y *bii <^b* O 5 _by 

i-Jjlil jL^*Al Ob tjU—Ab ^Ob ^yJaOt* Jj-^ull bl) . 2u+*Jjt±JtA y^b ibb* y ^y-/a> k-Jylil jbw,_Ll 

£ .OotOJj aOP JyJajy ^ 5 ^ <j*bl V8 jb^j j b »...~ll OySA of -is ‘b—Sli* .—Aa^yyb 

di-L* . i-Jb/all iS ^bil yb*Jl y lpy-^a.4 OySsJ 01 JOa-by 4^1b-* 0^ djy- 4 ctJJL-^ ^lOSO—*0 

. Vr J^Ou "y^M 

c j**JboAl d.C 0 ^j£ ^jy 01 yyjli 4 j jljaJ ySdc . JO-ly ol^b ooballi <-i-l y 05 Aj 

«y* <JU>b 4jjUaj ^J>«jl*~j ^y tJLili j^O Ny .OlyJ £-*oj y ^iS"Sl 4 j jlUJb t^alll J-yaJ —JbySdl 

JO*0 oLLp ^jb j^r*’ ^y^b** 4 yP 4^rbJl 4 ^j yJl djy^ail djloll c_..««**> ol y^C. .4 j j^h]\ aO ^ 4S^j_ 

.djjJajP oib* yP djbp O^x^/1 IAa^j 4 ^_4jj UJi 

(Jyiil ,4-^jljJ! Jajbiib" b*lA 4 -j y^J <Jb^ cyljfljl j^»JLwJl 1 jblll C->b 4^jby^Jl baJ^_ jcAJ 

obftyil bLi^Ji>, .pjb <b«■*■* (_^ 1 y<* ^vi^j b J ^^Jl ^*AbjL*il ol yA \ ^^ 

#> #> * * * * ’ 

^jA LilS^ bJLP b>JL>tl«-ly <—315^ lji-S^ bJyJb 1 jL»—* b>JL>«^*<ly 4iL*Jl 4 j j &*.ill b-Laj li] AblS yP 

;ybj4^11 t j~ 5 jaJJti.l y 4 j 1 4^-a>- yA ^-jloJl ^Ja^lly ^Jbj^^-ll yu y-Nl ( 3 j—ail .OOl-aiil 

< J_a^i-l jbg-J tdjJLaJl ^yy* _j Jup .cjAil jLlll Jjy* -bLP -b^3 ^JaJLxil J-aA-l Jbrlylj 

y jO^vj oliu^I lyAily tdiylil ,j tULdf i^JzJdl y dyJw? 4^<*A" yO tC->NbU y 2 -«j (j 

.tjAil J jbJl JLLP 5 jJ ydl 


ujUL*il jLiJI JaL«i) 

A»* il^bx^fl bJb>*^l bl {£y^ b4pbw? y^C aJ 1 0jv* 1 * ^0^0 1 C,j 

0 0 t> % t % * 

jyiJl ljyfclv- 4 UL-P . b^iaj b>wC>«-s4» uJJi yluj .jbj iyy5" yyjli 4 jjUsl> ^IJLSJL^l y - > jU_irl 

^|SAij 4^^- C..,*A ^UjS/ 1 yju ij 4-jby^lll COljljJi jl .OJlb <—-»y»J N .djljJl ^jt2Alv» yl ^4-a _v^bali) 

f.bySill 4$Lo» y 4jjU 4-jb4^JL^s yil) 01 y5Ar_j .j^ajP yjyb pjy,giil OjloJl ^^jj Oj 4 <— 

0 

.(4J bg-ajly 40Jb^b ij 4 j yiJlll dA^ p-*) .V — 117 4^bJl 

^L^»rS/b JaJbiil dJlA y^allj Q^>- 4 Hz — 6Cb-3y 3.C jbAl 40by^-ll JaJbAl yaxj J 

yl oj-A 120 Oj>ry SjbJl dL^l bg-J ay ij yAiliil < J-ib-l 4.^ ; ]a* . 4^_ JaOwyjijjJl 



AywJaddl :jJLp J\ 


pJb ^ W .((5-14) J$LiJl) oC JT cjbr' - V j> - JUr- Uii3l J M.IT 60 

^ Oji c^t UJUP jj 0<3 Oj£j <L~£ ac "J^” (j\ ja <->jA 31j 

JJbU j c-^jUdl JjsJO (ju oAjSbM <S c£jL*J — i SC ^ — jLjj^JI <j**t —Jai*ll 

Jii-I {j£- JjtLw-w* £cjL)I jjLSrl OiL* <ju AjiUr 0 -Aj>rjj .C-oUJl ^*-jbU 

j ac ->jj^ 0jLJl c-JjUdl ^^la ^ it 

(3“14) 4jLui4 

lil, .Hz 60 ^ ^ Hz 600 j&\ ^kill J* j!kl> ac w,-J ot 

?L^*oij dyjl {£$ jjUrl j%-? 1 JlJ\ ( j» !i )aJj.lj e-jjUdl JiJO Cftt J^^13 

(3-14) J* 

OjSy 3Jl>JJ ^jIj? ^33 0tdi^Jl o^l* *i^L- 3 c£3 ^—Lp 

.j^-T ac •> *j> l$\ jt Hz 60 L$J >J3 



.ac (j rtjlvw* ^ A jjlnfll l jj*j :(5~14) 


4j<nijliit a\\ jIjaH 

$0 jAl 3 £-0»j3l aJp jj£o L(f Js>^Ja^- ^1 ^il L y3M £*s*j 

^jA JjS/3 £^^33 .f-3^i>l <3 J-® 3-f j>5""3 (3^**^ IfrOax j jjP- Js>jiaiJ-l (_£j—_ pM il j—* JLpL—J 

^>■^[3 £^jJ 3 cT* -*3^3 4-Jbli cUU bJLilj L*S^ c^jJl iJjb ^y» i3^i3 01 . ^^a^kA^jJ)}\ 



Jj&y\J iUall J 


Aili^ ^Jaj^s>%j ^1 itj^JJ AilL«t tAygiilj 4C->j-*jJlj J c^o->t>it ylx j 4^^jaJtV^jl ilj_Lb 

4_~>ji Jp«l*j JJbM 5ji ^yajb^J jlS'L* J A«-*-jJaJjL> *bl S.il* V jjiJuJl 

.Aj ^Jjfci-1 6j£ 5ibj ^*«*.jJ’gi«»*jjyiJl iljll ^JJi ^JjiluJt 

4jJLaJI ^SsJj <j\laj^laj Ja^jjl ji $^L»-D 4-j^wJaiiil ^yajL^a —ii-l ^ 

. ‘Lj&jd/ <*.*«*,is Iniij 


iAm 

** 

^1 jxij si ./a all jl j£}\ ^1 ^AaJ j t(^l) j?* i li j—*jiJ 

t) (JlL* J _)t ii*>L.SH iib- ^ Jj>l ^ jUl lit .WJ5 1 AjiUJ U'iUa_?l J__.t£jl 

AjiliJl jli tuiiJAJ .^1 ^ijl jj jjiJLiJl AiliSsJ aJjIj? U>^>-j c-iiil <3 ^jiJLili AilitS"” jcs-1 jj^I 

J**1*j jjiJnH ibjj CL-ii-4 (J Aj JL Jj>- 51 y c.-W./?J lij . 1 Lj^Aj (^jU, j ^ aJI f.1 J gJJ 

JuJui-1 Ajilaj ^jl•^ fc, ^ JIL ^ fljl-ij ^1 p bUipl t,iJLJij col^il aJP ^1 c->l jJup Cjv. 

5jIaJ 1 JUJbi-1 <3 AfcAj y* Ajibii) 8,000 lII t ( < *-r’^'^ *AjJbJ“4 (3 4-*ui>«J> A—jilij) 60 fj * 

. (Aitij ^ll 

tlXi^or. c a_JL)! Jajliil 51 jjJ MjL'yi ^pJJ av?L>- aJJjc* Jaj^Ap- —v**! bl 

d-L^ Aj^Laj ^Li ^llilj^ .(10 ) v^Juc d jJL* ^ d^flJl 6^1 jj AibS^ a^\, j j 

.lOSl^i 

uJLSn-C 4 jJj ^Js-jw? ^jJIj^5^ apLw? cliitj ^L^S /1 ^<3*3 oy»—i bl 

J* ^U>JJ Lip v^>J^MJl ^1 J .Sl^iiJ 5^UT ^^iJl jt ^JUrl ^JtjLl flJb^_*-t 

.Ig^j Lfc-j Jpliiil 5 JpL> ^ ^ja Jti l ^L-orVl 


A AuaA A Uiulaia 

i» « •* •* 


J,| JLJb^lS’ - 5iL* ( j>yc JUlp . 1j^jjP ^ ^J-ia^l J^Liu aJLs^kjT A!a*>» A. r ^.tg ;5 4jjJ ilj-* ^—oJ 
A^*3ajJt4 ^Aa 1%** cjjLJ A*5 jJT <^JlLc. l^il^l>“l 41^5^1**^! ^—Ip jil— 9 «Aj J «£» «* >* 

^-Zp ajUjZJb cjl—>-Sfl ( ^3*J (3 ^*A*l l l Aj..w.»)(?.‘««ll ^PJJ .^JlLII J ^jP jb-^1 LjOfyJ bJj- p A«j-A^L* 

JUL I^JLp J$A\ ^k^l jai-l ^07" 5illl 5jJLi ^j iJ>LL^yi 

,L«Jb L^wiiJc* 

ajl^aJ. 1 Jfljtll ^jjJLiJI AjliS^ ^**-1IT lit .AjAa**J ^A^xll 4 *^Ja**ll ^jP j^-jcJ1 {£j _ £ 

A-j-^JajJtll A ju vg (^A 2 ^ _y (J>i f 3^ *^-***J X c^jL*J 5ili 

I AJu^aJl) 5^111 viilil B r Ay^dl 


B T = 100 y/x 



: jJLp jJl J-oiJl 


jl l*Jl J . l-^r Ail ^jjjGwJl l$ ^y~ijdl iili$C 1 >».p lil_ * 

* * 

jLdl <oby .SlyJl cLXIj c 5 ba-Uy ^Jl ji-ull 4iU&J <bbi wL>t^j tolyj b?bb*-j)aJc* lij 

jS £ L* mj c4jljc* 4jaAil (J-Up yxJ^j .4A^\J — c-,..»bi« jSLio olyJl ybbl 4ib5"" ^by cc-iill 3 

£~Zjj 4ibbl oJLa ^jJ .jiJuJl 4ibff j 4Jb>J <bb j jLill <j o^bjJl 0iJ 'yj tjiJdl 3ibS" 

jiJtdl 4ibff Jl ^bJ^I -Up ji-Ull Sibff 4^*J ^J U^i cb* <bli *JiA\ 4*~Jaj*ii b«JUp 

. aJLP jj y a5" j£- o y ^*Xp “b-P 

.jtJ 4-j yr (.JlLc. *ul?U“! -Up G 135 £-bJ <3"^* iiaJc* 3^r. 4il J? y*t tjbu^ 

ojb* i ^.y*ali L^J-on>cJu Ol 3 ^^ 4*^*-ll ^yiftjgwll yi-u)l 4>b5^ J^Jio 4^.-aJl o-La 01 J* — £- 

yjl t i--*Qa. J ----l j *•■■* J o^b j <^>l cQlIII jbJ 3 4^iL0?^l oib^il >..•;<**> i4^yjJl d-b^S** ^*Jap b»-. ft 

/JybLiil U^jaJLill 0y>J Jbibj . i r **Qajajl J G 19 <ybj jbdt f ^b ONI 

B t = 100 x 19/135 = 100 X 0.14 = 14% 

djlxjf bl y* il^il aJlfc jCJu U^->- c4y»Ja jjojj^a)I 3 JLi ya*j 3 aJLar- <L<Llil 4^—UaJJtil 0j —^sj 

-La iQ,«^>- 4jLicO? .jl^il ^yax; 3 4-a^iil 4-. AM^JajJtll 0 J . 4-*jljJl JaJliil 4 pLw2_J 

^yaxj 3 (J4j .d*U?r UJb JaJbc* b^J> ^aj <0^^ Jajliil c5jj <3 JU^r —j ^1 j Ll 

dilil oJlA . 4 j L j » .. / s 4-iw# dJL>- 4*^]g:«c* ^yajUAS^ ob* Lj jJ 0j_ Ssj 01 0b_>-S/l 

OlbLo ob 4 :: b* ^Jbjbj tdC jb-J bjjJ O^^j 0b t_Py L*JJ_P 

.4JLP jblJl ^Jai JUp 4L-*"-ib ’-• -* 

diyS^ J-ob b^Jjor L |^—Jl c^jLjuO 5 4^- : Jg;»4jj^ o^li 4-A-lil 4 -v-— J?;*M o ib" lil 

i 4 JIP 4 : .-.b <^* Jjybl d^L*JJ 4JLlll 4..-«)a;>tU cJlS" j ,4. ; )afll' ^JjJUj 4j c.,..*«o ac frb ^5^ 

Or^* !*La N .eJdil 3 jb^^ {j*^^ ^bu 3 lij b^baii^ 4ii?bw*' d^lll 0 

•3.C dlyS^ *U>r jS^io 

(4“14) <i-y»L4 

^ * * 

iT 0.500 ^■->■■»_j«j-S" ^ JiUil jixit 'ii\j£' 0^SJ ^L~S-. i_iU. LL»Lst Uj*. I...j.t jl jpj±\ 

‘jlJl ^jai f f .i\yi\ ,3*-^' iMiS” J vU>! Siljj jLJ' J i-iUiJ oliLj < ..-i ^ 

? 4 Ju 51 yl\ Sid i JlA\ V^kiil U .G 500 J! iitf e.^t 

(4-14) (> 

JLJLJ . IT = 10 4 G ji /Jb- . V-i; olJb._^l Jl jiJdl iiliT ^ J_T 

_^” .jU 0 _jJj G 500j cjUl G 5,000 = 10 4 x 0.500 j»Jdl iiliT jj_Sj 

: LS ^ f^jV' »-G. 

5 r = 100 x 500/5,000 = 100 x 0.100 = 10.0 % 




t4..« otJl 


JojUlaA 


u.) 


•r 


U -• 


otja^-^All (J-^aU l_^Jt>tJU~j L*UJP l£ c_-*Jj Jljj V tX.j gJlj) ljj*v? cluS"" l*JLP L4 0-^1 ^Jl Jajl_ill 

Jojlxil < v r * ^j5l 0 JaJli-4 ( J^£* ^1p Jaj^UM ^yaju SpL-/s .(ily-ll cpI_ \ ^_If- 


•cs^S/' 

.(Alnico) L* 4j4 _^jIjJ■ JsjIaII d c-\ ~.. y ^ U^l 4^1 ^ puj 

.(Co) /Jl 1 j (Ni) JXJI,j t(Al) rj J.Sfl 1 ^ < 1 ^ 3 ) ^Jl 0 ^ 1 *-»-Li jy*y* 4*JL^Jl 0 JwA d~fli ^m\ 

ji Jj-L>- <m]a3 <j\ Sja-Ju* AJU^al* 4 L>(_£y>-Sn O^lxil ^aju _7 

i«i~ ) s ■ 1 ^ *js +& A J^~- <—i ^y* ^*X>- 

.l-aaJI JjJl oli J l$i~J jl l^si -Up ^IjJI J-*^ 


o-L* ^IJl>*jl^Ij JaJliil dJLft £**aI .A-Jlp <LJLl/« U^la^L* oii < y* UOljJl JajLiil ^jUasf ^*X/a 7 

4^pl^Ji Jji^- £*laI~o ci^ *>LU ^JjL* 4aJc£. cl~Pj 1^1 .5JL>Ux*j o-d ^L)^$5" SI y£ 6 }\—ll 

.C*>!^1 y* ol jUp £-*aj 4 j ti> Jp *U>-lj al4ljj (-U-w*) ^y OXftil P 

.J-*15" ^jS'Liu Lgjda^*-* <11 ji LL»P ;L* o\}\ -la.:*£ lllp ;<Uiil 


JjjJa L-iia Jilj AiljS 

<J yL <j! y?j£\ .^iiL Ij-Xi* 5 4 J jbj n li t ^ ^1 j j 4 -« Ui c*>1jUL» ^JLjJ 01 y> j&\ 

!>L-JIj l \yil jiJuJl 4 jU 5" U^JaJtil l^jiUj 51^7 U jlj jU 

;d» : -Vil L ^....t.i djL>- jJ C....... I Ul ( jd?li^iil iB 

B = 4n* 1CT 1 (junl/s) 


v^y^j 


5 = 1.2566 x 10^ (jinl/s) 


(5-14) All*. 

.5iJ 100 cm 20 Jjl» .dc ^, -j 3 .- » .-» yi. J? y^J 

.100 5^yl^ 4..^.1a:i«U SjjUJl jilj .G 20 iil>* (3 c ~4~J 51 yJl ^3 AiUS^ 

?JJLUl J jlil jUl _y 


(5-14) 

4 cm 20 ^ J^)! 4jt,,/2 il ^-4 jJI jJ ^ jlS^IJIj o^UJlS^ Ij—jI 

ja ^^3 0 :^ UjUl Ai^l jpf .T 0.0020 G 20 ^ B ji-u)l .m 0.20 

:/ ^1 




i. 


JaJiit : jJUp- £jljjl 


B = 1.2566 x 1CT 6 (finl/s) 

B/I = 1.2566 x 10 -6 (//ra/s) 

7 _1 = 1.2566 x 10 -6 (jm/sB) 

7=7.9580 x \O s (sB//jn) 

^_ a ' 'll l)I J?_ r iJ d-L$5* oli lfl . T . t t 0] jX Ajl 

^j, 1 ?.wi q^La^j Ji.M.MJlj *7 ^. Lla *" ■ -^ .aJL^aII aJL^-I J v ^^ 4o< i 

^yu" Lxi Li^is oLiL* jl Iy*^ 9 3^...;!?•■«< ijilii jl iil yivs jl Uy** 9 Ijly 

7= 7.9580 x 10 5 (0.20 x 0.0020)/ (100 x 100) 

= 7.9580 x 10 5 x 4.0 x 10' 8 
= 0.031832 A = 31.832 mA 

.^aii yy*lA ijy^i y d)_jJUi* LiSl mA 32 (_)) 3-A*Jl \jj> i_j yiJ i«_~£ 

A jo <iJa i w all 1I1VVI 

ol$L^Jl .ap$.LJ*L aT yJD aLULII jjyiil 51 jjJl o>li A*~j^Jl jl 

( jSor c£ aJnLjI^LII 5j^?rSflj t aJL< jjUair j t<jy^Jl —5 tIj ca-JIj j —$S0l 

cC^lS"^-1 $.UJ tAwljJl Jajlill jL*-ty ^yuy l$ ^tl-LJLiu J&\ a-JIjJ aJi —ka 

d^?rSnj 


CpJ\ jlf?. 

dl^JJ j ? < » a 0jL»P Al**—jl . jljj ^ **";* Uaja^ (6-14) ^ ^ yt. 


tC->LiUl ^jA oilil .(,^3*^j3 (^_..o va* j-^. ci-* > - ^P cjS””jll c5 Ajfljal^ 

.jlj jj y* bi bji ^jL)J l j^Ssj 

^2-*J j J jA Jjp ,4-jjiL^rl 6 jAl i) j£-l 1 (3 J^- V P 

(, oojgtf]! olU 6 jaJI Jb jj . ^[p^J d j-5j c _111 ^ jL J 

JjpUaII J c5jwaJ A^aJI l) oljLi ^jallJ cdljjJl JaJ(^ jL -j 

J-a-^'AJ ^oo^aiJ' 13^1 ^ ,0\jj-s^aJ 5!jjjl ^^.11 J- 4 ^" <j S^ - ^ 2 _^ j_i 

OLjIA j>r .5^11 cAj 4j>“I jJl ^ *'<QyA A- )|j 

A3^3^Jl jl jy»Jii! jl JijSfl jl (^JLJLaiJI { j\J jJJ A?s-Ll}| ^jA 0x^ 3 jljTL^LLI 

Tj- 4 (j^V^ l > '^'ji cA J-* ^ 3) . <Je6\Jk>\ oLpj —Or La j-Ly^ — j 

.("£ — <_IL> oljLil 



AjiVjS A^jauasa 

(uM) 



j4> 




< a P i*i i <11 a^jaj 


.AjUj^j ^Vu»h (jbj <juja. :( 6 ” 14 ) 

J? 

.L»LC (Jj J-J 4*ls>U A-b?J O^jll (J S—j^P ^ 

tAjSsjL**}Ul 0*>l— jil 3 . 3 ~Laj 4jL-^» £jA y>3 ^1 ^ J» ^jA o'^Lyflj'bfl Ja->- ^JjwLlJ g^P y ui 

y£ jlj tOjlJljl 3 f.ij^-1 (3 ^ -tbi^-l <—*£■ aJLp AjliL* oljbj _*J 

yp <0 y^OxXll ^JjJLljl jl£b 4 juJ- jil ^Ju>s_l^J ^Jl iS^r!j-^ .^JjJUlU <yb*S/l A>-yLil (J,f 1 ^ g « Pry 


fjjJf ^P-AJ y>JJ aLUJI Anil Ji\ jyS-J .g£*)b Ji Uaia^j bf^j (7~14) ^t */°y. 

AjbflJl fl*b& l~ -■£■ .^jb ^y^JgJLnJkl (3 ^W* JjX ^»XP «JJLP ^yfljbj Lgyly?r ~L>-1 3 ASJLi* 

^1p*^J ^ljJJl wLi* (Sj£ jbj > Aip .Z AjLgjJlj aS y/ 5 j> jj—pj 7 aL^j— ib aJ j >,<?y* X 
.Z AbgJb x *jI*JI J ^JJ Y Abfji yP X Ab^Jl LbUi J-A* . JjUll gjbM 



L-JwAll : jU. g \jJl J^Mll 




m 



j *j —(<*-») m Ak ~(^) *(7-14) JSaUI 

-Xjv* L^a ju .UiJL^ <3>uJ> l^JL* ,J5" coLLj— ll ^ * 5—btfc ^1 j —j! Jj>rj —j 

.ac dc L^-^aju ( J-*juj jLill £* >xju> j tw«—Ll jL—ijl ^—* 

jjj* Jup ojijdl ^xjrialj 1 g 3 jW Jjj* Jup ojljJl 4 J V^ ? <^Jjtlf ,J 

|j-4 ^A+tJsM /g-*j) . L*lc Ulill jJl ^j-^p L^J? £>-—tfi/ . jL—dl 

jl La**!? 4aLa* jS" (7-14) j£-=Jl (3 A>«-L?jii .( t—i-ii! 3 jL—^ ^J- 

* e " * 4 " 
c/y -Js-iM ^Jj-X*xJ lL^«lI /j>oir_ ,o>*LwL*jJl ^Ll>-I ^Jlp LLoJpl ill 



^Jojla 3 j* o'jLJ J-*^- ^ oijlJJl 3 ot$Ju^JjSjiwwJ 

fr\j>-\ ti> 5*j jt-3Lvaul aJo*^I^j a*, wall (^-X-x)! ^jIa*) AoLdl 

. oLJu ^Jl ^jA J ^a>\ ol jZa J p j 55" ^pxl# 





JaLuiaII jLull til 

^ydJ <t —+£ ^ydJl 0 ^Ua^-1 <uSs-Jl-^w® y 4 >««*jJfgi»U <J yt^-1 _J (j 1 _$s_C 

dc ^y 2 - tjjyl! 1*1^ .dc y ^sSsJl^lw^ ajII? J,l dc Aill? Jy*j aJ^I L y^c .J^ju 

y ^ 

. Jj —ill j jl ywaJl 4 j*]1j 015"” yM ^y*>- ^ ^ ^ V-L^i y _ Z* 

jl tj*wlll ^yr (j jljj-dl Li** £y)aS*~j <Z~£ 4-jJaJl 4j-^>rS/l (J lJL>- OjJcyaJl ol5""yM yuv _J 

<jl*> Lp^aa*j <—>l5"^! | ^* 1?i «**.) .*Uap! ^5 1 ^"^ >*> 

Oy Jj-Ldl c£y= . Vy>- gij ^Jl c^Uill y apj^j 4 Ji dc ^y 1 j -*jy J — 

UT .Ailj AJjly ay jl ojIj jljy ^y- lyp 4-djjlaj 41 jI*jl 1I u^Uai^l yLJj 4***5"\dJ c-^ijaiS/l c-oUr 
jjJJ Ajjjj-^aJl aJIjA iliaJl CJ15"" L*J5"j t^yl fjdl 0t5"* l*i5"* cC^lilil <j j\ —Ll jL—Jl ^bjl 
<^JlL» y^UJj <*<S y^l oUlil ap j-«-£ yLj .iiyM $ja Ip £> t yfjJf cJiLil y^JLJ toldlil y* apj— 

<_£y£ .4^JljJl JaiLiil y £jy ot5""yM yu J JJLi-l oIaL Jjli ~J . ((8 — 14 ol j ty(—«£^*/ 

oL4^1j oyijl lS 1p tiiJi JaiL4 .J-lJ.1 dia^ly Sjy OWaj JS"" yljJl <j jLJl dl4l _ Ip 4—iail^l 

.jLxil 4;>»jg< J-*j c->Ui^“ (3 *~A3yj ^ 4>y- a]a^ 1 y ci^* c^y^ .4 ^*sA> 


3jB OU11 



. ^JIaj .dc ^joij :(8~14) 

«Jajln^ll ^ ialiG (jSLol y 4-laSj J J^J -iaAS ^Jj Ajdalild) JajiaiJ- jAjuU 









I j «J»sP 


£y& 

jSCjto J^jij 4ji £j* *-PjJl ^jip cc^ujifl ji lij>x^JJ U JL>- Ji AjIJL* jSLio Jiijlf ^—j 

^ j (> ^ ij ji f ic ( ^ ; 

tOiuJ^il L)1 ,\£j^j\J^jA ^^PJJj folS^ j>i*+£* ^<»JtJ jl Uiajl CjIJl! j —Li { Ja —*j —j _*"* 

. 0 /?l>- JiC ^ AiUs> C->')lx*s {jS* o jLp cO'ljT 

JiJ-l Jo jjj .(^ji ^Jjb- (j ipe-iiil jj^i ac jLj ( ^»t-ij-ojJi uJ^ii 

<^jju i)A)a**l y> oijj^Ji J J^" .((9-14) A*jijJi Jajliil ^jA ^jJ a]o^\ { ^** — J?;»U 

JjLi! .<_£^S-Sfl AjSCjlS'Lll iilJaJl objj^ jl <jM J i)a^ljl ^J—jJb 

dc l5 1p JAj_/ i* 0^- b£-*-ilj SjIia y*S^~-» jLj ^ Lp ^J >- -5^1 -Xij li 

.AA^Jlli 3 A>iJ>*I***^ 


t jMtjhl »4 (liULuii (jjA 

l)J^“ A^IjJI JajL *^\ /j -o.s^^T .APjJLl* oULJl 4««~—**»l ^ j. C c 

. ^^j^Jtlf ^~«*h**l J&y^jl oljLJi 



AC £> 

.(JC Jaloxa £ jj t(9 14) 



OUjjS&ytj i4,,« irrwllj ulll 


^ a *ijhm a \) LjjaSJI 

pbS/1 a-J* ^JaLiil Jaj^jJl t C.-..-»il$3l C^yJtJL^ (J l»Ji£ ioL* jA , Jl Jajj— t* jl 

4JjJl ob A-^L>- c aJj lit aJL*J 1 3 jL>-S!l J p-b**!**^ Jljj ^ Al^Jj t j 

obLJl pjsu L yi*j J UojI JajjjJl .ib£l *cij —^ Jd-b—Jlj (hi-fi) 4- A bill 

. Ajt—Jl aJLp Aj y 

A»htft jl A^—^ aJJjc* Ajai Aiu<allll JujJ-l JL—o>L>j>* ^ (j\j*>b« ^ Jsl>_^ jJl jjSsl__> 

J^j^*J1 j3j* (-£^3^ ®La ^J*a%***zJl A^*JJj (_£jJl (_,.J.A J.I «*ll ^Jj 1*L| .A*^*I,,—.*^b 

j j^s j jb>b* jjlb jJj Jl ^-1 ^J iLUall AilaJl J j JjL^J oy ^Ju <J,1 b$ p^>JJ» o\j ap^—*__j 

JaP <J$ Al ^}P ^ —sA) AP^*Jb Jajj—Jl y£ b**LP .Jut* aL^b A*JajlI—^ JUJl^-l JL—sSTt <JJ»L)J **■ 1 ♦ 

JpUuJf ^2 am\ j 4A-isS^ ^XJT 1 *LaZ * A>- jJlJt anil ,, ,,T toMwT ->*^1 

Jl ^jP ^tjlJl ^L^S/1 Ji>«J A—oti LJ>i^jJl ^i^P ^a^- 1 1Jli j^ . <—«^«^a// 

JJuiJ iS N .<uii>Jil oU-kJl U apjii* ol_S^Lc*j _ *j J^*t—_Jl ^1 j ^ 

Jauj-jJl j jS\j ^Jj t^i^)l iaj^jJl ob oL**l£3l ^JJu.LJ Ajb^iaj ijJL—Jl JajjJJl ob oL_^l5Jl 

l^ Am m ^i»l wj aJLJI o^Ip^—J l jLa.A> Jl A3^ Jdj^JuJl ap^J k^- . ^wL^ii) ^iS^l 

.O^vJl < J-3!wjJ A.^fl-sLlil olp j—J l ^La^>j jjJLiilj 

A-*—— hu*A (J^-4>- Aja*Jjj jl Jal*Jkl Jdjj—Jl <JjULJl Aj^JJj 

jl A^jljJl JajLtll ^jP 1 wL*j ^«w«)a;irll J oj j-Jb JsLii>-l ,dJLg5^ J yi>- ^y* aJ?^J-S ll Aj b*“^ —£ tdJji—) 

cJlS^ lilj c^——jaliil JajjjJl 1$ j>r^il oblJl Liul AjtiJ^ll 5jl j£-\ .A-Jbj^^Jl JaJl—*il 

, iLaJ ^bj*Jl Jaj ft Jl j^Lal—» tA jU 5" AjuaJy* 5jljjLl 

«4\i qa jin 

tf? 

Jl>- 1 4( JJ ^ *>J> Li JLg-jJ |I ^)1 Aj^JlLl obLJl by^- ji jJaJ ^A>cjJl yj—^$Jl ^vOP JL^-i 

( j/»ijiVl .b^ jf lJJ? Ijl^s^ ^ Jj^d jJi Ljlj ^JoJi ®J — * j — iS^t 

b* yoS' Jj»r jJj obLJl ^Jajc4 (4 : LaJl (SjUIj^JL Ivajl ^^PJj j) iJ^aJf by£ . AP y — 1 a pi— px^-L 

UUJ c(cm 8.9) JSJI 3.5 5 >Lp ZjJt^i^lJ^ib.j —rj-^SJl oU—^j J— 

C^lS'jSZ ^-L” J* j— 1 J 

^ -L **b JflJ ^ hJl IwL-* A—sJJLt <p****A l< 1p 4 Ji2lJ>' Jib 1 IwL^ Jl 

(^1 lAAj .oLjjJJ Aiaiil laa» jLiji? Jj*jj (^1 ^ip (j^j—Jl oUL_j 

(— ^*>^>-1 is,.. — *..) Jajj-iJl jjp (Jilijs^ <.j£'\ (Sy*** jJl .^Oa-P-S/1 j 4 Jb 1 j bij aJ 

* 

O^LlJl Jp aLLJI OaLj w> ji$*Sl 0A^-1—i.p^ L< lp —J l ,^ ip 4-»Ab*^lJ.l Jj t A I .. <svJ LlA 

Jui) idJJJ .^j^jJl a>L*v* L * . jp ^j!p jbj>*j> oli L. » is ) ^ . iS 1 

. Jaj^-Jl ^Lp bf jj5^1 aPj— o ( j^ 3 yJl (^|j y* obbJl 





Oy£ 01 «C .6jyP3 Ajl Jji AXil^lt A-*3jjl C->L«^I*l,t £jA A**jS^ ^'•‘^ j\A-saJ| y?jill 0ji4 01 
,aJL*15^ ap j^i j jp- l^5o: vy- jt t aL^J aJt oLlj ^\ c-'ti* *yL>o L* ajc-OI — aJIp av?UM 3jJu^jl y?lyS/1 

^---JajJtll i jp\ yS/1 j^>*j Aortic* jup JajjJlJl AjL^J- 3jb>fcxil a*jU jJl jolJUil 3ti£l t ._£ 

.ijjj+j ail -UP 



^J^s —j aJLu- 1 Axj li /^P lI- 


(jUld 1 


>1 til dJU?r L )j^J , Qjjj+p\ I JUP i-XA 3$ «ll ^1 U P 

A)Li 65y?rjA 01 ULp *-v^ 

^jSfl ^Ull JiU .1 

(t/o* J" ts^) a~r^*^ J*£ (a) 

.A*ilyJrl c-^UaJ^l i j A L*LC yT (b) 


. Jaaj aU>^J| (C) 

• J-~*i crU 1 ^' J*£ (d) 

liL LfrjfltJc* ^Jl 3^lLl Jli .2 

•o*^ 2 ^ ( a ) 


•^ji? (b) 

.pS\5 ^-Jz^a (C) 

. A^Jja^xA jjji 3^l> (d) 

Aa 5 ^)l0 U-LL-*< J ^am.^3 Iw.Lt ^4-Ult ,3 

. qJlI—I t ^p -ixJl d^L^j (S yl (a) 

c£^l O^^j (b) 

* 

. OJlL-JI ( jp jjcJJ LuJ 4 j ji ^ (c) 

. (jJ-I—JJ Ajjl^/« 4-»»0LL-»*> O^^^j ^d) 


3-X>-j ^ ^jUJt .4 

.aO^JI ^w ja J t i t JibM 3 jii (a) 

.ii) -jwd (b) 

. ^- ■ ia Jill jiJui I iiliT (c) 

.U^JajJtll 3jJ-3il (d) 

IjXtiA ^-JsLJiit aS" yM 3^ijt ^ U crnA 500 jLj V oU3 10 ^—Lp <Jj U (Jy. ?0 lit .5 

VaaJ -j*>% 





'sOrSty'j ‘V .jhiritj ujUJi 


5,000 (a) 
50 (b) 


5.0 (c) 


0.02 (d) 

Ujl <j} l<* y*S- V (JUl ^ <_jl ,6 

* ( J 

.^ y v^-rdjl A^pjl^- Aj( a) 

((<_—Uj) (b) 

,1J\j j^i\ ojXai\ Ji3 Jji (C) 

Oryil jLJUjl (_}yC 


3.C ^ *7 

.(^y>^l AjaJc^il ^Lorty JaJai Ly-bsw* (a) 

.jujJ-I os\ji (b) 

.(Sj a]ojJuJJ ^LorSfl jA^ (C) 

.<L ; jai)l L5 U bl*ipl oJljJi JajUil yL> ji (d) 

* 

A^U-a] lJbr A~wL« A-JUJl AJLlU A~~JaJdl ob O^lll .8 


•ac (a) 

•dc o~^ (b) 

4jcjJli j (c) 


-j*-5b (d) 

jJ* dc -iiJj>LodJ Ji^l A*JaJ *9 

. Aa^ yil (a) 

.yljJl vjdli (b) 

.jlii (c) 

.Jii-I ^JlU (d) 

oULJl £^b*rJaj^JiJl £-• AjjLiib i j&jj>}\ ai^j>- ol .10 

.Jjtf Sol j\j*^m\ (a) 

.Jajiyjl j aJLp yb Lf jjTl ip^yji^ o>ULJl J Oy* AJ^*! (b) 

• J-*»' ,_r^A' j-V (c) 

.^w-JaJtU JyoJJ ^y>\ (d) 



jjUU! jluli Jja. 


(J-jaJJ . 4-Jl>Jl dc Oljb AplJa^-Vlj tA^jlailj 4 jLiil oLd^jdl j^X' 

.jlJ Sjji JS" jw pLjt 3iU? c^t jy*J jl dy£ V oJIjJI aJi* cblT bj ac o>ljb Jb <u*jii j^rjS 

^ ^ ji j&l .5jj^ jr *bi Aiiwi ^ y y bi iifiuZ {£y~J- sja_Jf H jlj* 

.u*jt jf ^f jf^j^jf 


Ja>- J^-i l 5^ ^$^Jl A$UaJl C-~ijil j\P- t^jLlil jLlil ^ajj>%^\ ^S'Sm 

^jA 4 Lub ^53j 4d^lp oLj>jjSClJ . <S^Lb^>tlb jJJJb ^/^Jl oljjSJ.1 ^PJj — 



<ul>- Ji biLwJl U-* cJ^>- jJ bL» . jl* jiS' (10 6 ) jjJL* 4 J LS^Ju- jju j i j? 

jj^j .L^JaJl* jj-ta £tlJJ 4 AjLLM jLJl ^jjjLu ^AjjUzj obLi Jl ULjU cJLs^ J J /;2 A 'aL y» 
jiy J*>b- jjaJl ibjj .aaU-I ^ J jLill jidJ <AxS\ ^js^w» 

|j»A (j A^UaJl A-^S^ jJ^j . AaIjM ^ L^-i )Jb J^-Io oLij^I^sJ^H) Ai>wJl J, . «^kf 

J U j^j 4 <j ^lj^^ bl A-^b- UjJaJl db<4 AilUJl 0 y* ^Js* aaU-| Ijji jj J jrtl 


■L JJU.I jJsi\ 

|fii|!|i>: 4 

4 tUt) ) if4:'^S% £^al 

i tv?| ||| 1$^ g$f #! ':: 

^ JjUl lli jJUL* j&L j .km 10 6 AiU apL^ ULp J$Li V 

ciXbJl ^jA ^Jojia J^iai b— jJL ^iUb 3 ' ^-JiJlII JjiwUil ibjj 4jJJJb ^baJl JUP . t_q b jC A 




tfrb 

. e Jj>0 j <ji] ob 4JaJL>“ ^jP ^jLJl 4j j \ jl * 

^Jjj Jj . 4l>-b aJ^xAjjfet c\j J *XiP ^*vj2-Jtll yaTi cl-aL* c^Sf ^* * *j J Ij 

oJ ^j jj5"l ^yaj ^.«> ja;»M J^JLlil S^IjJj ^JlLLI jotj qlpI. 4^^JaJiil Iu0j3 ^ klJL—ii 

^i-P^ Ci_aL 1J 3.AP ^ip ^*^2- Z**"^ JL^I*J ol^jj SjOrji 4jjLft>» 4«<»^)aol^J 3 jOr ji 

.iJlUU Jpj t^jdll ^jai 

# # # 

yjj .i_jdll ^JaJ ^ b j& ^ajz>^ t^o-bijj colilii 3-lP £-* b^ b y** t_jdil J*ij- z-— w-Ljj 

. twill 1 o^Ijjj Jij j>d\ ^oij>tJL) tJuo- ^yajz>*^ ^^JLp iiDi ^Jai J^Uj oLaJJl 3-lPj ti_Jiiil J j& 

(jiajjaaJI S^j 

jUt jJdj .Jo ^>*il J^tT <U~o3j jjall3j jLOl jjjjj (JyCU-J wdc 3jj£. ^Z 3 J>*^\ - p 

dc *^-^r <****JIj jLOl <JJjl* ^zajij^-1 L*JbT ^j^aj z*«-^ Ob** LOS”* . ^^lajz^* - ^ l 5^ -^**d <J*x. *f. 
^y£ JiC .Jo z^il j>P ‘XgJrlj jLiII Jjj^« ^ju 4 ^«Jl jP Ji^ ^ ^Z*^' ® J —^i * 0 *— M 
jj*>l 1 jlj-ic. ^jA ju^-I jl A-j jLdl 3b jl ^z? Z^ (V 1) c-J J 1 djIJJL* Oz*b" l?Z (H 1) j** 1 

.(A/sl) iObil 

«* # f * <> 

J*J\ ^ <Sj~* d-X—?r djv<—^ eZ^j—^ j—* l£j— 

U^ z* 0-^ (J>1 3JZ* d(j obU-s^aJl JHj^~ (^"j i ^ ^3 -* 

i9 

r 1 "’ 01 -(nH) 4^* j' (^H) cj^a jySCfill J (mH) <jyA ^—UL «3l —p 

dmH = 0.001 H = 10~ 3 H ^0^1 ^ ^ C^ j J ^^Ull oL^bU 

. 1 nH = 0.001 nH = 0.000000001H = 10" 9 Hj 1 jiH = 0.001 mH= 0.000001 H = 10 -6 Hj 

O^^JJ <Pj-^o jLlli j^i 0^>- cijyu,^ C^ldJ j ^-4aj (_£OjjiW yflji oLfllll ^jjajz*^^ 0 j— 

Or 4 V-Ja- ^jtjjJi .Jl oUlil (j ^zajz^^ O^S 3j gJrl 

. d0 ^ s-Ja-j ^jL*0^ ^^ ~^d^L &J J' 

(J^yttluufl i^Lua j^aI) 

^j5rj U5" yp zajz>»J^ c ( jp-iiij oUOz*^' Jz*“ JoJb" bl 

^ 1' Z* . d a>- ^1^ ^..gll <ul^Jl 0^^* .J^OLwwjijl ^ . 1 p —4^LdiJ 

. *J" Jup oU?t^uij z^^y jJJ z 4 o5’*tili 

M .((1-15) Jj\) Z* 3 z* L n t... tZ 3 cZ 2 c^! C->Uajz>^J^ dJj-^ 4jf J?j — 

^giaxj — C->UOy J-^^ 4 zaj> iZ^J <J»J^lii ^ C-*\-0>z^*-^ 4. ^1a ; x il J^-iIT 

5Jc«^jl dJlA L ^ajz>«J^ 


L — L x + L 2 + L 3 + ... + L 



jIm)I 


_raowi 


ffl_ 0 RTOn__riOT 5 ffU 


t 


nmm 


cULuJI ^glc, diLajliall 4. iliJ aS La£ (JjjJujuII ^jic- ujLjaj^aoll 4. il > Xi 1^1 — 15) 


£ jiSH CiLua j^aA 

U5*" Jfiuy^\ yb)l ^^Ip (jJ j-s^j- 4 j £1 jl jy J^ij£- ^ 1A] 

^ycW 4 J yy L n 4 ... 4 Z 3 lL 2 tZj 2 Jj-b <jl Jp y\ ybil ^^p oL«jUll *-*->*j 

22..s>\\ \/L yj j>%z})\ y jJjL* llsQ lAj .((2-15) 

l/L = 1 !L X + 1 /Z 2 + 1/Z 3 + ... + \/L n 



% 

jiiill ^jJc- CjUjIIaII t. fll > >Ti Lo£ £jfcll (a 5 ^P CjI 4 . i\ jJaj 1^2“ 15) (J&JtD 


I(_£i ■ l/L J^-l y <ulp cJua>- l£*AH C-JjJLil* Jjv-Ij Z, ^1S>13\ yjys}\ ^U=| iSj£ 

l = i/(i/i: 1 +1 il 2 + i/z 3 +... + i/z n ) 

= (1/z.j + i/z 2 + 1 /Z 3 +... + \/L n y l 

. laj^- V .0>IUj>* ^Jl jJL) j\5/ «Alil p g 11 (.(J J>- 1 9y ^lp ‘>—■>1^2 J b jjJ A _>15”"j 

^J5"" • l£ ^jbJb ^-bAb ^i& ^j^^jlAl 

1 $Jp ^J.^3 ^J l oJL>-^Jl .*..g j 0 jl>- ^JLp 

<j JjjCiII yjy^\ Jojj . J^lAi* yuj£- 2>y-j Xp <J!^wb~ 1—C. Lv«— aJI J^Ju— j V b 

J^ClLi ysjy Jill j 4 ^*va 1 ' aJI jwJ ur jjSl Ji jU_Jl OL ^.^1 

jLio jL^^l ^yixj 3 jjAvJjLgi .1 jJLaj j-iU ( 3 L^_il jL_«; 3 

ob:^xll C->ib 4-^?L>- 4 ^oJlaxI' jl cuLajj^I J>\ $.Lj JLlp J^L_ill L yaj J __>*ijl 

. 4-JlxJl 






(1-15) ULu 

j\ Jp'j&\ . Jo;£A { Js> 5j y0jA oU? j9*A 4j*)L i J>rJ Jfij Ui 

^dJ JU 2 JI J*ij >Jl y> L> .fiH 120j c^H 150j anH 1.50 l$*J 

(1-15) J* 

j* 

< r ~£ .(mH) <S y-* Lpo .Ig«*H ^ Lg^A? o!jl>-^ j! <_^] cuLsojI dJ 

•c f j ^^Lil (il t£ y* ^ l$L0.001 (10 3 ) ^JjJL AiKdlj 4 JUJ 1 yy^. al ' u j^> 

. l * 1^3 JI l) J^'-i t4^v*U»JL 

L s = (1.50 + 0.150 + 0.120) mH = 1.77 mH 

(2-15) U«u 

lyftL j\ £<* 4^jjilJl Lp OjLL?^ l^Ji l ^ySjjS>%s]\ l—- 4 

yajy~ ^y 5- j 

(2-15) J* 

i>- ^ .<_£^>-f l y (£ jj* ^Lll Up:> .L^ij c*»Ll>- jji oUaj^> xJ! Vjl Jj —->- 

.mH -1 0.667 ^ jli* DU JULj mH 1.50 J J*i y>3 j] .^Ijlp^I o 1 —* vj—Li* 

.u~JyJL mH -1 8.333j mH' 1 6.667 y> jLJl DU 4 <uU^ 

^gjp J?LL>«JJ oJ-A» 4^-AAi-i <5 Li-1 Jj jUSlil ^Lll j—\aa olj >-J ^ *7 *y 

^Aiii ^3*wdl jJJL* ^yLp Jj^iAL^JLi od-* «LLp J5 Aj L*3 L* jL*w« 

:L p JUi! 


Ip' 1 = (0.667 + 6.667 + SJSS^nH' 1 = 15.667 mH' 1 

-l 


:I p > J^U I" 


■1 


V = 


(15.667 mH" 1 ) -1 = 0.0638 mH 
• HH 63.8 Jj- <up ji^dl (/ii/i Ji 


e * j 

(^Li.1 ^)iLjl^ 3 jw*j L^-lp .dc ^5 ^i L^ ««* j L x*>* 4^*^Ljdt j^saj 

i^jOb j jJ\jjJi}\ J&S J .^jSn Lry^-iJ 4^^j t*—3*yT J>P 4jLi Dj*^j 0-Ajiy* 0 ft 

A -i^4 aj\a 11 4jLAi-l (J5 . ^*>La« a\s^\jJ l^JLP ^-C 4-"V 4**JL*» w // 

.(IpLcj» La I ^p'-L) 

^gJLp 4-«-jij ydaij .^jl DjjIaI liij 4 ^j1aLI o^Ljj jLdl ^Ljj 4j! y 4^ryt4 dc -L-^ C^*—Lpi IS] 

.rms j' 2^lil J] a^iil ^ a^Jrl jujl^- jf L»i ac -^-j jLj ^ IS] 4aj\1a ac -ipr 



VjUsll jUl Jbjll :J-oill 


dc j CjLuajdbAlt 

jLp ciiO*Jl t^JlL C. ■■■»■* IS) . IJbf JL5* J^Jto fl)^^iCll JiLJ ii^>L»<Sn (jJjJlJ 4jl { Jpj—Z3>\ 

\^lyJl ^r.*ydu c4jI*A-*JI ^b*3l cy k^J-LwwJl cdc a. i .L* /^ ^^ l_ ib* **» 

J^J* jLp ^ILJl (1)1^ 0} ygJ . bjUft-Jl ,iLgJ>rl -by jl (jyjiJl) bk-v^lAil (3 j£. 31 y^Okll 0*3 J****' 

iJlA 0) ,jj£ jLxll jSl cJy*- 4jaJ <_£y>r jl y?jS/l JO- I^a JT £-^?j 3)j toJj>3j bib AcL>- 

i^_jLL») lili-Jl <Aj\ji* R idc J-p=- E jb_j ‘jl-sJl / Jif. vi~>- i/ = E/R jir*^ ^£jl —j jL' 


‘u^j • a *- bL ' J* 0 * 4 * Jy>- <J>yiU olU (J dc ji y>z> ^J\j iJ *J&kA apL— ^ ^Jj, —SO: 

# # 

O-iJUil bplja^'^l A**yj t^jilil ^j>%^~J ^J\j <3 3jfr^J bjlj tjdil J$ jLJl ^L--- 

JL^j>r jl bjUaJl JL^*- IS) ^^JjgjjLA Ja>- J) bJbj^S3l 4i\JaJl Jy>*Jj V £<L*j\jail cfJJL-- <3 

jLall ^ J—J ijjil ^Ua^-I IS) ;lj\>-l .'y ^1 4 j~L JL>- diyJl oJljT 0) ct^^olil jJJ-^ yawu coj-biJl ijj—* 

.viJJLJl J^ A JU^ 

ac j CiLia j 2 laA 

y* ac ^y jiJJ ^ki~J jjjf JJy .ac J) dc j* <Jdib J y *yll ~i^Ll z'jy o j>p JJUI J *yil 

.y j* ^*0l J) f tyy> jLSlll J) £ (,yjk\ ob J) y y> ajuoj 

* 

<.Joj j>ti Jl ^ <ujc* j .dc £• aJuU ^ LS tL—IL p blJL—il j ac 0jSO—w- 

4 * * * 

oo^LflUl ^jA sjptj .ll ^JLp I^L^ipI .c-idll ^3 a^jsJ <Aia jLjJI Imoj 

y -bP jisLlllj L-idil J ^2J ^>xJi IJLj ciiaij J) J-yal— «» 4 JjO d^b» jl C—ilS"* IS) 

jlll jLJl JL^ caJIjJI ac obiy j .A^JaiJl ^ISOjI JJ cJdil j 4—ui; llij jLJi Juf?: (^1 .ac 

A 1 * Ojii pl*i*jL Jj^jilllj ejdll l*bj <l)f i J^~^' . L—sli.1 J-M' ^b^rl (3 Aj^W - ill J 

IJ-A A-JUj . J>-Nl oUrNb COUj^^J'yi J-i tJ.dygjl J,) ac *b^>r Aj>rJCfiJLo;- 

* * 

IS) dji>-l .U-^iS^I jyOll £--ajj .dc b»jli4 cbjiuiJ-l j tac A^i y: —i! —Lil j 3^*^ ^ 

* * J 

IS) <J».oJ5" jLJl -Uay cr 4 ^>- cJjJLLl {J* cac ^jy» y o^bj oI 

.aJ jU (^1 yr jl t^jcyaJl j . QjyS' <Aj\jL*S' 

.(Q) ^ jS f b ^yLaj j OjLflil A-JlJ U) . A.^g/ y>%jJl ilfi-ialL ac ^J.) c-Jdil ^Jl OjLiil _ pJj 

£-Lj A^S Jl (1]^^! y> OjOW? bdaS) yivall jlA*J> ^y* tA>jlailS^ byajy>*J| Alpliil jJCj j( ySO 

yj olil* jl j^lj J>TI oIaU) ^ jl jJL^Jl y> taAP ^JlJ A^i J) (yJw^ cJj— b) ^jS/l y_* ta*A_ p 

(3 y* b*-S^ tb^jLailS^ Aj-^aj^yxiil aIpLaII y^-£ .(aJI-p obiy yr a^^_ 

.(3-15) j£sJi 







C& U J yj ^ J yj _A£ J yj 

I—I—I—I—I—I—I—I—I—I—> 

0 2 4 6 8 

jl ^JflUud C 4 <IcliuJI Jjlaj (jSLaJ I( 3-1 5 ) 

.4alLai (jjSj (J (jS-aJ V jjl£Jj V 

Aij AJpUuII 

jj 4 JLpL&«jLJ y*y • (LjJ i ^LtJl ^yJl ^Ijcww^ .^JLpLaII ^y* y^py 4.<Ja^^>*^11 4 . ic-lill 0..> 

.X L y JL JL**y3 alpuiu jUoj JfyJL 4~>L Jl oljUJl 
(f jS/L) X L Lai y*^l iipUll Jj$J 131 t(c£yAL) Z, ijiill < j/ 2 j y£j (yJ>L) f j* ac ^jy ^y jl5^ 131 

X L = 2nJL ~ 6.2832JL 

jir 13], tjajl ^jJajj y-* (JjL ^ yajy>*lJlj yy JL^liL J* yJl jb^ 13| 4 jc**aJl yjaj 
y 4 j J_fljr. t yajy>*Jl j 01 cyf?: ceJ^NL yJl jliT 13[ 4 Jl £ Uj yA yJsjllL Lj yy l*AL f 

,(j\j*>U.I y 4jJUlC. y 2 Jy*Jl j JXj jl 4 —£ tiju^L 55 yJl jlS~ I3^j 4<—^^fl 

jj^j/^Jb X^ ^LJl -Up 4Jl ^xjlj IJlaj .ac ^y o^Ly LjajP 4.jajy>fclll 4 , JpLil' iby_j 

* t * 

^liil yJsu 4 jJlUJ .y^jy>xJl ibLy Lja.il <Ljajy>*^Jl aIpLsII iby . ^ Jaa*- ^y SjLp £*jUJl y>*jdl 

* t * * * t , 

Ljajl bJ? AJ 4^J bj? AJ 4^5 <*_—-bJ Jl jJLp j*-JLu~* Jaa^S”" Ljul L 4 JN-L X L 

.(4-15)J^All J oli^Uil aJlA C-J^j HL £-* 

(3-15) &*• 

?kHz 100 ^yll -up 4^jajy>uil aIpULI ^a L. ,mH 10.0 y?y>^ 

(3-10) Ja. 

(JUIj_j t(jJjA' «-»’ilT) Jjy> ((^yI ^ *J»r Ljjt J* *j>r) i£j* yiilj y^ 1 j —^ 

y. i27t ^JbJj._ -j6.2832 .5 

jr L = 6.2832 X 100 X 10.0 = 6283.2 Q 

jl 6,280 y cJjb ^_ ~j jij A^yjo yaJl cjOLj jl Ic. 

.(kfi) y yr 6.28 

RL (SJ^iA &j ^4 Jalii 

<ajLa1| *u>-.^ iaj4>jLi>* yp fljl^ (j J>l *uVI 4- Jbj 1 jOj\^o .—jkl _J 

JSsjJl J JtjaJjfc 4(^yL^ y oLj 1A>-1 ^ijaj {.LiJ^f yjwU»Ltl>* ^ J l Z ^a ^.a ^i 4]a^ly 4ipliilj 

.^Jp^/1 0 L 4 L L^Iyip iL-Jajy^l 4lpliil yj i^Jj^/l jj£\ ^Jp 4away ^jLSil .(5~ 15) 



VjUsll jLsJt Jy JU jit : j-U. ^Ul-I 


(l l-v 



. JLijllI £-A b^)ia (j^aJ^aOll 1 Jjla A,\ >J Tu A-U^aJjaJill AlcU^Jt 1^4“ 15) JiuJI 


jii jJ 4 jJjIrJ| AjuL^JJ 4_^_J JT t^j~£"L*j« . 4jjJ^ 4 aj Lf RJ^ £Jj J$ a ]oaj JT ^jjl jJ 


0j ^ J 0j ^ 

<^1 t-LLp^l ^IjlpS/I oJb»-j j JioJj oj-LL* a«4j yshfcdl aIpUII A^ j ©jJJL* a —*jUil 

*Up!*J ^Ij jJ C.u 5" lij) .y ^JaLcIL pi ^5 j 4-*~jS ^PUJ . — 1 J>JL*JU ^—r^j^ iJl jJ ^-1 

.(Olj5\Jl I Jut ^jA JjSl! J-vaiSl wLp cAj^UarJI ^IJLp Sl'j 

if 0 

^jioj jO + 5 AjU-arJI 4jULJJ j ,^j\ R — 5 JaJJ t<i^-^5 4/»jLiL* jJjjJ 4ji ( j/? J —al 
OU 3 = X L 0j5j 5i^ waj^ alpUi oJujJ 015" 131 .ftL <_$y*JJ j j (5,0) —Si 

(5-15) j£oJl .RL <jy~i\ gj J (0,3) aJbOJl jLi y 3 + 0 ^ ^jUki jj—J l 

. (_£^-^1 kliJl kliJi ©Jl* 


U-?r-V 4 jS/ ^jLall ^ya.R.j v-ik ^ip O^^j ^il 0-*L/?y>*Jkl ^wa-^r 0^5 \j i. ©k-_i-l 05 

O^j 4jL^ JS" 05 < ^5CLw*< obU Li 0*V $jJ*.^ a,>,'&) j£- aJLpIjL* c^L«jLiil ^^L-j *)L®U jyju oJ-L^ 

A3 j*# aIp-IjO* jl tjO + 5 Lw^l^j ^3S±Ll A3 j^a .Jl aa jliiLS" -U>-jj N ^J_» Li J j!b U> 

2j>rj N ZjSnJ j tA-Jlill |^kJl ®J“* o ^5 0Lp“S/l (J p“*^S 0 jisS Ji .j 3 + 0 W-^Sjj A^ Jlt« 

.(l^R-JaiLj oljLi^-'yij lyx -jil oUL^o'Vl ^‘L^. f.Liiw-L) jik* ySLiu 5i^aJl o*>LpU 11 jl oJjlXJJ 



t-jUl 





•RL {_$ jun^ll £Jj Aa^Jaj^ 4 > ^il-\ Aj^jlC. UjI a j IaaI jalij <jj 4AA. I ^5“15) JikUl 

Jllib j (3 <l)L>-^/l { y aju . 3 Alplallj A«jIa1.1 £*-»U J 

. 7 1.5 + 4 jl 7*3 + 2 l£ Jp- 

.(e5L$^ ^Jlj) y^» c—^Jj L^p- j-*ij) X L |*-5 ol JJ 

7?L £0 3 (L^j y^) ^JaJ (S^ji ^ OJ .RC 5jb 3 ^jXi o*>\iUil jJcj 

e e * 

Ji ac jX&-\ tej .ac .«y ^U^-L cac :>:>y a^y ^ y Lp -UUJI oJla Jiitf . 

-• # 

jjA ^JS' aJaaJI ^yaJj cJf L = 0 £v-*aJ A*k-jJ\j . <Wij y>djl aLpIaII ^UlP-N tdc —j tyU-^—5i 

./£/> 3 A*jIa1\ 


AlmJI 

dJLft jCJUL- yS" jSLi ^Lp AiliaU c-ijil jyJ-l yp ac 3 J- 4 'y- ajc^JI ( *-l£ 

cdc *yJbJUj l*-UP a^I U jof yCc C4i^aJi dc oijb J Ax*Jl jU*j N .Ub-^' AfUail 

.1}j^a* ji 4 jjP0^ L*JUp y*u) 15^ tA*~Jl y)aj jl ^jS\-C .1 yLu-w* Oj^j N L»Uj Pj 

.yJl d^\jy l>* J yiS^I ^U-^jyLxil 


Ajum1\ A^uaLi 

31 Jpy 3 ^ *(jlj^ U^?^. j4r> ^Js> i^f^jy m ‘ , “ ,m '* u ± y ^ 

y* ol 7 U-jXLw*» A»Uaj l.<»^y ( J»^aij 1 ^^.,&*> 3 y Lk-£*v?j ^ a) 1 j tl^w*ljj -3 A>\j ^ 



cJjUsil jLj! J y *bjil : 


Jlu L^lj^l c<jO yJ^A jl>r..^:^ tAjjUaj obbi (J,l OUs^t-dLyaJl Obi* dJ-*s>j 1^1 .*1 j —il 

, Id^ - Ob A ) 1 d^)} L | <J^ll (jA ^ V 2 * I kjJ-ta id jA^*+*a**A » A^JbkA* A»?bwJ jj* ^ 1 ^ 

* * > 

Jl^jAr Aj jL^w* A^J 0j^^Jl J^ £l*J tbj y UT y^d*^ ^(jij^ -bM-^yJJl l)I ^ lb} 

id yu--j j tC-ijJl ^yaxj oL) jySJ'^b jJJl ' <j yCd -j £J*>IjIa jJJl 01 Lf.j .AjjUa-—N 

.La>I ojjJI y** ^j-Ut j* objy^J^fi ;r jy>- 

S-LaiJl 3 ^Jb ^S" .Ja>- JL>t1jI)J cAjjUaJl *X$Jr bjL~* <jwyjjl jo d J j Jji ^-1 

. j'yi ^jO- l>*du ^ ^jwjJLlI OSl ^AjIjJI (J I jj^a ^b J^\ JaJ-I lJ»* OjS\j -‘-‘'yJ-Jl Oi—i 

# 

IJ-A J$ Ailjall jj>*J .bo-gJLj JjlJI ^Lp j C^jwjJJl p-*«->- (^5^ l^bdpl t^y^jil l/ 4 6 J^ <J^b>- ^J-A^-l i 

y>jl .AiUaJl dJl> OyP ^JS' tbo-flJL j ^J-s^liil JLaJlj OjJ-aJ OLj a*~J| —?bJl J^- a j -l 

.C j>*^Jl ^lil c-3^^-b ^saII <J ajcwJJ 

AoUxJi 

U®lJL>“J (^iJJLiu* ^Jjuilij jl £y J /^S-Lc J . axjL«J| ^buS/b s-bUJ} —j 

^^Lp J-y^£ d~U ^i£Jl ^J^3rl <_ii cjjjJbT aJjU jiP Ajcij As^Juaj J^yjL* jt y^Sli Jy 

AXi>f j^^SU 1 u - AjLaS”* \ \j 1 ^3kX*Ji ^t «Ck^Lta »11fl.J JLP . ^Jfli<»wl) A^^L«p*<^* 

AA—Jl j J 11 «,■$ ;,J f.1 ^U J-y^ij J tLh-^2AJ ^jU-^ ^iaj y (jcj { jCS'y^; ^ 

.aJL*JI ac ob^' j 6ji-T a4UI 

ute Cx** dr* <Jj^ <—■oixil <J y olpL^ij 

^■la>Jl 4j>-L^4 ^j|j j^SsJl JjljJl Ajy . < 3JL^>t lJufe J^r j jSCjio (iJLi^‘>LJl ^lyl ^y 2 —*d <J_<»»*J 

A^- l_«^w* ^a AJCwJl ■ - * LlIj ,6jy^ AAyi ^ J Jb: 01 b yJ jyK+0 d ^ ««** j ^ — yd- J1 > tf ll 

** 

^^iil ^l^jl LJlS" ^AiibJl ^tjULysaJl uy. JbtJl ^a L^«3vP aa^JI j .<j>*^y^J.1 ^JLu.Jl 

jJJl (jo aJL^LJI oLJJ ZjjbJf <jdoij ^Lp Uiajf aaJI jujju .aaJI oobjl UT ^jJJl (j j 

aJjIjJI Oj b )j , 1 yjJJ aJjUJI C—jb .A^^JaJJiil AjJLaJI C-ub ^V )I C^jlill iJi A _>L^j 

0-lP aJIajJI Aa-JI (^JlpLsAj aJLp aJjLp d—jly ^l^l>l ^yawJ aJjIaJI d-~Jb A—jjj yA f.1 j g-b 

.ol^y 

eJiiSJ»l yJ fi^Lll oJ_A (^bJLJ LX (^^b mJ Ojb^JJ AJjbJl d~jb OlS^ lit tbj__)aj 

bt^>w3 kjJLSb jd*d Uld ^e3bM #■!yil ^-UP Aa—J b AjjliL* X ( J-*bu Aa-~ Jl 

J 5lyyi AiUa ^1 Oy JjUll J *yJ { bl <j\ - AJlib a 5U NUi ^b^Jl JjbJl olT lil LJLp 

jy-y-jJJl Oy Jji-UuJ A-jbJ?^]aib| kld^S' lil LsAjI t^JJbj .Ojl y ^jbj-g-^Jl 

4 

yju c 1 a l )g * ^^JT, 'y L^. ' -s i ji t A-J\j^ OjIa^jjI 1 y* ,a3jIaJ| o^lll ^jA A T‘ 

.iJliil aJU-I ja A-^LwaJt oukil ^ J&\ 



f ^iji ( tb jfi\ v^Ut 


AjujJ) Si^j 

-O-lJI 0^*1 ^-L*^}! 4jJLi JOJa^O ^Jb (j j*~—j c<_jij^* jJb 4 j jUaj t - c- 

jju -L$jM J-Ajt* L«J5” tin—Jl Ojljjl LOS” .Ax—Jl ^ L S’ Jo *J Jj *£. JjlJ 1) 

• ^«JL11 

. js^ js** cJ*^ Jt/4 _J Jill l jLi]| A^.aS' A~<. d Jl j^P Ax**Jl dwL >-j 

<J y j OU^ij jl o^bj j £> (A 1) jw»l 1 ai«J> jbJ ji-ij cF UjL^i>-Ij ljIjU 1 a*~«— il Jl—c 

<* 

(V 1) O-Ji 1 »jLlL« l '‘y^ <3ji ^ Lajl F 1 A*~Jl jtoJ .(V/S 1) aJUIIj oJ_ji 1 jlJLi* 0_j_«^Jl 

. (C 1) 0 JjS” 1 l® jl-Li* 2-Sl> 

La-1 ? jj a*—J l cO-i>-j 0] .F 1 a <»Ju A**- 1 JjI iSy .ajJL® a**- oJj>-j y> jlji_Ol 

JiJ pF 1 a*^j cF (10 -6 ) 0.000001 JiJ pF 1 a*_* 01 .(pF) ->/,!#(M-F) jj — 

• F 10' 12 J pF 0.000001 

JaA^^ 

<j aJUJi ac oIj: y <j j .doUi^il ju jt-S" J^Ld* JpU; •>jj.ib _1' j _* 

y^jsu IJla 0 j£j .jy^-JU^JJ aI^jua do/j jy&yi Oy aa-wJI j£Lu ol 0L>^I ^ * 

<* ’ * t 

do ^5 j^p L*j jAi L»j|j t^p^ajcJi lg .'/9m.\ Ao^lJ aju a\o a^a«w ..5*^ 

. aJLjJI 

131 ^ilil JLP olv?j! CoL*jLoil L»^ L^vax; ^ J^JLJl J-P Cobal—£-—^?!o 

JT 4ju>> i_6 ./2 a 1 ajjL«*a* j*jU1 aju^ 0tJ-«JL*jJl (^5^ ^ «**>.aj <u-a!I l—Obal—J J 

0Jl A^jlII tJ ^ JL^c J t aJ yA doL aISs^ oAp do wL?^^ lil cl*.0wL>- ^ Ip- —‘O 

(^1 *AjJL^- jup do I Jl>- jU (j* O Jif 

^Lp- 0_j^* AaJI^O— il k _ j\ j^r\ ^v—Jlj iljli Jaii^ , ' -f' j—j 

.iJo- 

J—J—jl Js- aJ ypj* C n t... tCj tC2 ‘Cj j*~* o^li OjUi^l* Sap viLjJ a— i! Jpj —»l 

riJUli a,;.,,.J| ^lo^L 1/C U&l 2^' OJUSU .(6-15) 

1/C = 1/C, + 1/C 2 + 1/C 3 + ... + 1/C n 
,a*1p o 1 -,^>-fc. 1/C t-jA yi< 0 p-L C Afcl^ii ak-JI 

(4-15) U**4 

A*-Jl ^ U .JJLoi! JLpCj^ 0.050 pFj C, = 0.10 pF U»L^J jJL& J_^^ 



JjUsLl jLsll Jbjil m£> ^J i/lflll 


r -11 —"—"n 

c 

o Cn 

“-- J 

LS lc. cAjJaj^LA\j CjL«jlLa]l ^*y \ La£ (JjJLull Jc. CjU-uJI Ay* :(6~15) JU* B 

(4-15) Ja. 

. 1/C 2 = 20 pF 1 j 1/C] = 10 pF 1 ^U.s.:.»Li j—?rjl 

-L>-' y*r * jj I o' ^ 2 **-—!) 

4cw ; *:)Ij Jl uU>- J-* i—sjluL* 

1/C= 10pF~' + 20pF‘ = 30 pF 1 
C = l/30pF _1 = 0.033 pF 

(5-15) 4JLm 

?5J53l a*-JI ^ U ,J_~LJl J* pF 100j pF0.0010 L^UJ juiki’ J*»j f 

:(5-15) J* 

dL5U. .pF 0.000100 J—J pF 100 da>j_!l J! —ail 

• 1/C,=1000 pF 1 y> jt ,c 2 =0.000100 pFj C,=0.0010 pF 0 J Jj—Sll 

ris^jdL .1/C 2 =10,000 pF“‘j 
1/0=1000pF _I + 10,000 pF"*= 11,000 pF' 1 
C=0.000091 pF 

.pF 91 4’ i—.•>*»/? iJjJl 0| 

(J$ dJtb JL» iljli jLi^I 4 JL—JlI 

4jLpI «,Ia a LaJUP ^ ^ 1>I ^jA I j-4 0^!>o L»*X*P 4 j ^3t>- lliS^ 

&Ju J c4j^J iudl 3JLi-l 4 JL—C. ^.oVjL^jA-I J^JLT 

bl .1 $JLp Lgja^aj <_£ijl Ja at ^^**31 5J^|! |* Jju <_£^>-1 0Lj>-I <3j 

* yH> * * * t 

4^*aJ| .A* j tUjj iilj ^Lp UIjLp bap o_L>ol 

. (eA>-l J 4J ja} 10 Ojl-U^ 

Jb Ljlik.«fi 

•* J 

.((7-15) JJLJI ^1p o>L/2joL*jLa! 1 Lk5^ ^yiill ^Lp oUi^ll 





0 jA . 0 <X^~ ^Lp ^5"" Aj^Lh*^ 4*-Kil A* ll l)^-...^> 4^1 

.Lg-L»l^o aJL*J.I 3 ^js!»jA“Ij o>1jl>-j ^Ijl>^I 



.(Jxaluull ^io 4“l \j CjLq jlLoll ^aVj LaS ^^Siill ^^ic- ^aau l(7“15) 


(6 - 15) 4ltuk« 

j cC 2 =0.0100 |iFj tC[=0.100 |iF ^—Lp oli;—£• —i J—*sj ^ 

?C U&l 4*_Jl (^jUJ liU .c 3 =0.00100 nF 

(6-15) J* 

Jb- 4*^)1 obT C=0.100 |iF+ 0.0100 nF+ 0.00100 nF= 0.11100 ^F 

.oU r Uji JS^ii SlluL* ^\ oSl tC = 0.111 (J.F j£bJl 


LyuA &\a*1\ 

i-Lj ^UiT biajl 4ipUil J*** j ^Lp jil^ 1 ^>wJl 4 . L pUJI 

<u—5 j ( _ r S'lxLl db^b ^ji^-j J A..,IgjSipLili IJLJ ^Jl l-fr.-. a . i 4}3 a > 

^Ayjajy»«Jt SlpLall £4 4 j^ji*-J 1 iipLill bcJ^ .XiP .((8 — 15) ^Iba 4-— 

4 *>-^4 .M-Lp! 4^4 j 4 v •* 6jyS' ^-Ib* plJtpl 4 4*4^1 ^ ..4 ; c^blS"” 4. a ., a ilJlpSn |». aT . - 4 

■‘j^ 

dcj dili^A^I 

„ , * 

tdc ^j j>. U-^dL^j lif .LajLo* l^>- jZ* L*>5^ 4 ^yJjyS' .i—y? ^ 

*> 

jgy^ll ^jJj JLLP 4 /^SsJj .LjLj, jc3b>< ? 4^aJ /^>- 4 jIaJ| 3 O ^ 4 ** 5 *^ 

a 

.1 j iup jLjlll ) l4*~Ju 3 j* L)l2>y-»i.4|4g]l L*J2 Pj 4 ^y3 g~>«Jj 4L)jl^xl! 

• 4^4^ ii oljljjJl Lg-J jA2j Ajaij Jl J-yaJ CdjJliJl -i-pr ji 4jjUaJl ^l^jl 

^jLj^ jiJl jl jj .*iJl IJlA» 7t_w2j 4(_^jj^yaJl U-g3rl jj ^laL 2 v*o djAiJi lil tijj >-\ 

,f n ¥ J ^ * J ^ * 

tliA^r La-LLP . IwLft ^jLiyflJl ^ J•* 

(Jjbdf jLAi aJUJ-1 oJla cJ>(3^ 



-8 


-6 


-4 


-2 


0 


4<LuILui]| AjI$J V J ^jSuik l fl>«Vn aJc*U-<JI JA-oj tj^<u :(8~15) JiAU 

.|J Auak_^a A_aa 3 till j Ajjauwill <S&IaaJI ^JjSj J V (j£lj 

aJU*- 4 ^JIj^^J l JjUJl jL^I Oj^j 4$-*)U-l J $.lj3l JjUJl Oj£j ^Ji tiiLai^A.1 3 

0 # 

. ^^jIj j^^Jl c JL^ 3^1 «-Llp J^x^io jLg3rl J*»**j .UjIs I j j*p *>_ —*« 'bj 

jf Jjj Jl J iSLiir t-JUJl ^Jl JjUJl ois oukil J Jl j4&\ JjUJl jUN td ^iJj 

4-tlJtil t**JL^ j 4-I A*; jgj>~ jLjLi 0^^1>l J-Aj U*-'-*'- 4 cJ^UJl J ^ <L)I J LxxxJl 

.o'yU-l 0wU 3 o^JJl y>-\j .^jb^5Jl ^jill ^j^AJl 

£ 

acj CiUI&aJ) 

j* ac ay ji*iu" dL^U. -J .ac Jl dc ^ <J^it J_^ji.l »j-UJt ijji { ajT Jey*\ 

oJ ip ajI^JI j5j tjj jA Jf oJIp x* tjJ jk\ oU» ^JLj U«J Jl djljjjjfe oAp ^-Lj Aya.iUxi* -LjIjjjI a-*^—5 

•JO* ^ 

4^^^!^ .Sjj^JJ iJaiJl j^Jil ^l^oij'yi £A djwUJl 3jj> J^r- jj‘UaJl ^4^-1 £-*l> 4Aj|JlJl J 

^iJl 015”” Isl j 3jyw3 oJlS** Isl 4 »P^*<j ^oUvaJl j^>w< /jJ •^**■*‘^1 AJL**- 4 A-j^-S^ ^xjI A./311 A-P j 

>£ ^1 Ajai Jl J^ 2 j ac -5jj> ^titat>jj .Ul N j —SJj tl —-j 

# j, * * # 

J5" ^u» 1x5j AJ>wJl tiULC . A^Jgj ^jLUaJl 4£-j*j£ ^/aT .-^Jjil A-JaJ ^Ju IjjiS*" ^jU-v 2 ll 


. ^j ^ axJI^ ^j>«-»^iJlj ^jJl jldl ^*xj aI^-^-h.^ ^tjUa^JI «-A^ 3 *1 ji, Uj 4 aJUJI ac ti^U ^ji ^ 

CjIjJ4-^>x-w^ 4^jAxJlj IwLjj Al^i jLxJl jjAJ C 0 -Ld>r AJ>ti Jlp J^tjU^Jl IXJ ilU- 
^alJlj ^oUvaJl A &y±£: l-^J 4^^j3l ^UjjIj .A-^-jil A^U^aJl J L^x^ajj aJL« _ll A>«-Uy2 ll 

~^>w< J^j j«i^^l A>-^il ?T ;</3j 4^^jXJl 0-S^jj tlJUl IjJ^-l ■ 0jJ*,rtA * 0j\m\S" j _ t £\ J 

^ * * 

<l)l*> y * A « ^ . l l CJl5" ^J U OlS*” ^Jl l ^ Ai A-flj^jflJlj L^»J ^?1 6*,/3 Jl J| jLll! 4t—A- ^i.1 ^ J- A) 

j * 

^*»U» . t—j^Lxxil jldLI ^tj \ o.t/2 ll APj^a-^- /^Jl A-l?jU«»iJ aj y**~. iJl a LpUll 

) j> 'b/Jj aJU- U-*>Ua-/jl U JC-wmj 4^^Jj .UjUilj A-lij^>r_xJ! aJLpUIIS*" ULc 4 ^jSflj ajjjc«JI aJLpUI' 

4y^tC y Jlj A^sIj Jl ^ < /3 l l ^ lU jLj jj l j 4 Aj ^ a.4.»- l 1 aLpLaLI A^-a3 j a M2 j Ol t? ^1 * ' «<*| 

S3 j3l j^Jo UJULP jl /j ^j^axJl I g v3ju A-jJj ^jUyaJl 0 jSJ UJJLPj jtf./ali _5 U- 5 

,^jl Ull jl ^jl JL^Jl ) J - 4 c-JU- jy£ 3AP Jl jl ( j> UU- IsJlP ^JLj Jl ^Ijbr UflJ 




j j 

I AaJL* OjL Aj^XaaJI aJLpLaII <.^a.) . jill Aj^jiaa-JI Alplill « 

J J 

aJLpULI aJL>- ^3 b. ^-5"be* ajaJLpLaII aJL?- 3 b* ol . 3 ^ o^Lj > j * <Ljl ^ 

aJ^/JU Aj aJpUII ^jp Ob>“*^l ^ m / am \ 3 .20 jji Ob Jj jS^\ (A->- jj*) ^t-wOJ ^ llj c A.>v 2 .) 

-zY^ bM jl J^bij^-b Ol <J^AIaW JUbj .£* JaJl OjbM A dlj-jil [41 - 4 -S 

.ajIjlJI iAjla AaJLmJI X.q +a,i ^L*-^ b)l o 2 sb^j ^j&a‘>*sj 

Ujsflj &{& 1 \ 

< 51 -^ 21*1 x c Ob t 1 3 *^' • ^i^*'**^ aIpLuU ol 0 3 o>A*j Aj^xa31 aJpLaII <^3 

. L4 A^lii-I ^yajUaJ-1 AP^a-^- — jA+& ll ^jj* aJLaJI Ji Yj^ 

aJpIaLI A^**Iljb oljbiJb C Li AaaJ Q. «^apl j ^Ab J" «-LgJ-l ■■■’* ? gr— 1 !i i 

Aj^jl*aJ| 

* c = -1/0/0 = -WO~‘ ~ - (6.283270-’ 
lil Ajl /"JO ,(^F) (MHz) /li-lb ^yll OIS^ lil lg ■ ■* « ai 4 « .., ^l l y . Ja" 

o'.sj> yJl Uiaj' 4 ju*a 1I ^j.Jac.* ,$yr 0 jOU ^jA tlyrl a***JI 01 —Jl O'— 

iljli ,//! Uut (jj V Jj J**^} Cr^} ‘(mF) i \jli ^Lllj (kHz) j y> 53b 5 jJ —ill 

# # * * 

3 ^F 1,000 ojL iiSvw* u,^- ji L* ljj>li ^Ijlj ^i *^ 3 *^ 

|i LnJl 3 0-5A-Sb J$£i\ 

Jf J 

y jli) ^Y(> C—AjI IJ_fcj . j_Jl ^ L—--^P Ajj.o.an il A-Ipbiil -J 

.^AA^all jljj^r jXJl L*JlP aJL3I AjI^AJ 3 3 **- 1 — t 3 >t; —^ jQ ^ 3 - —** 

. jiu/o .Jl ^jA ajcvJI j3\ jup aJlJI aj3^J IJla otTj C7 —U ^b— Xq 3 5 **- 1 — 4 

<f 

O-bi Axaaa 31 Oobl>x-LLl (9 1^) ^t_y r ?^J . Ax^maJI J y)l LaaaXP aJLJI Xq I.« a-*' bij 

(7-15) U**4 

?ajjjiaJI aJpLaII b .MHz 1.00 >xp jj,F 0.00100 a i ^-j uii^* 

(7-15) J* 

jljljj^Lib oblJl o j* L> 3U-b ^LaJI liJbSCc .^Ijp^l aAa*a Jl fJj*: ^1 

KOil^b') yy. bubj (^IjbaJ' 3 * cj?r 0j*L. 3" 

Xq = -1/(6.2832 x 1.00 x 0.00100) = -1/(0.0062832) = -159 ft 
^Lijl Aj^jj OJJL* oblJl oSl A/*bfc A-Jl j —jjJLllb ^J-«J| IJ-* C--JJ- Aj j -?s- 



uJjUit jLsll Jy- JUjit : j£s> J-Aflll 


JJj^D ji 4jiuo]t ^junmI! 



ibjiuJI 

|\1 y|| 4 

# «» 

.l_i1LuJ1 £~a \ uii^cj AjljuJI Lum^c. 4jjxj-h1I aIc-Ua]) i—luAuj :(9“15) JS-mJ! 

(8-15) *1— 

^ t \a . y^l 131 ("£j $ j a. ^ll ^| jj ^jl 131 4j ^» . >w l l aXpLaIJ j j^.' * n 3"' 

?dc ijy ^jJrl 

(8-15) J» 

yxll) (J ji-s^ lAju^a^ J jIjip^I c~>lil 14 JU-I aJu* 3 

Jyj Ji ! i_ii$lilj dc <»jUaj y 4 c-^-i N tiaJii-! J .*iy- 4 j>p yu^ 

."sJLJl SjU^t t !LLuJl J t Lbr Sj^T aJL. 4 >. » oli 5_L^Uil jl" 

, 4 ^-^ii* dc ojb jl jl t l — • ■**l -*4 

(9~15) 4ilufa« 

?ix»Jl L. .MHz 10.0 jj jdl J-lp ^jl —100 ilpli* jl ^al 

(9-15) J» 

o<XJi l^jl C 4^-J jL£^| c4*_../ill (J 5 jl-^p'b/l 4 j L . 1 w. l l o.La (Jj I - 

:4JjU1I 

-100 - -(6.2832 X 10.0 X Q ' 


1 = (628.32 x 10.0 x Q 


:-100 J * ^.,- 2 : 11 , 



OLijy£)/lj icb^$£jl :;jUll oUl 


:C 4 *—Jb J? \y <^>j^oj 

C= (628.32 x lO.O) -1 
= 6283.2' 1 

a— ifill a}o^\ ji C — 1/6283.2 y~*JiJl <lL-p f.1 yt-b y .dji-S^ 4J j4 ~* j jj—13 J—>■ jJL 

jU j/Clib Sa-JI oIa yJfli-i cjJy bulb (j5 k^ yll jt U. .C = 0.00015915 <J^ 

.C = 0.000159 jiF Jl y>db jj jLwJl Uub j ^ull 0* ^ .C = 0.00015915 pF UJ 

.(1 pF = 0.000001 pF jt ^TJo) .C= 159 pF j] J y jt U*>t jJLSo: 

x •* * « * 

4—jajyt-Jl 4lplill <J§ djjt) J-* *^JU tw-As^l 4 jjA—J l <LLpbill £a JaIai] 1 JLLP obi—3-1 f. J—>3 j] 

jJJLp tjlill .0^^—> jly-^l yiAj (J .ilJLpSfl jJJjJ_} c<— j jiiil JaIaJI jJLJLp cjjfy , Jw. 
j^ .c_-—wbil jJ^ jl^ll <j j jl 4 JI—Jl c^ljLi^fl dJjb <JL**1 J^«»Ji ja . 4 JL-JI oljLi^l SJsl 
4ipUil jl 4 JL—Jl djLi^l j*^/ O’LjI-X^-'^I < 3 j-***** <3 ^^^bill Jl JiJl -JLip 4aIa c^ljUi*^l dJ. 

.4—jaj C-^J j 4 j yu* 


RC <jj±**A I £JJ y Jalijil 

4JLpIa1I jyju .4—/ 2 j ytJl aIp-IaIIS"" L*l£ J cjay 2 J <J^i? <^Jp ^lpbill ^ j j -.S\_C 

. y.y? 41 pIa11 4Jaa> L^JUJI 4 ) 3 At jl . 4^33-1 3J*P^/l AX—wo f T" 4—jajyxjJl^J 4 j jA—J l 

4ll>- 4-JLo J^JUj ^IajS/1 4*jLJ jC4j y*» aLpIaaj 4ajIj8a J3 (3 J* ^ djl^ J$ 

4jJ j j^bsJto C^j 4 j JA— Jl 4ljpljjil ^bui j 4-»j\Jall ^U-j jr^^- -ll 

OwbtyA 4 —iJltL*A3l 4 -*'y ^jUil .((10—15) ^j^-^Jl) RC AJj nX 1 L a —J 4 IJ 

.jJa^v^/I ^1 jLaii'^b 4-JL—Jl a!I JjlyJj t^Jbi^^/l diyb 4 yMjA 4jja—J l 4lpuil .^jyk-Jl dL^-b 


jl + jX(2 (J^-jJlj 4 ^ 4^Jl 4 jJaaJI obbbJj Jl djbj^l ySy. 

<J? 0 ? 

^ J 2 JI SjLM ^jjai—^ S^Ip {.UJa]I jJJ-i J —J 4 -—*-y Xq j j —£j 

.(^JaaJI ^JaJI jbg-^l (3 £■ ^o3rl J 


<3*1 Ji iJj^J cyO — 3 i-Ujl oli 4 aJUII jC^jl 3 JaJ J c4i4 -*jUil -515" bl 

4jIi^J ly l N jJjIjy’O + 3 yo — 3 jlj jj-ij JJ .RC ( 3 yu*J.l (j (3,0) 4 J 2 j &—ll 

4-jbSC_A < Vi Jiyo tj£r\ 4jL^ jJls .bJii jb>«-j>w5 jb ^JoJi jbu —b*)|i ^—Lp yo £J Jrl 

.^bu'b/l <ybj <3 cibl Jlj cSjIjJI J 5 aLpIaa ^JbkA>- % b/ 43 *-yiil 
Uaj c/4 ““ 0 4j«AaaJI 4aj baJ.1 j ySj 1^1 (.Xq ~ “4 ^2 t JiJj L 43 4j yu* 4-Lpbb> jJbjJ jl5"" lil 

jJJij -y4 ^y- 0 4 jIiT ^l ja (.(jy+\ ly (.RC (j y-il £—>j J (-4 ,0) —ll 3 -ily 

J^-«-Jl <3 c 3 y^l j <3 y“l J^l-4> j^^b jjy4 ~ Ojy0 — 3 J^liJl <»-■■ «»j . Jl—<kS^*>\J 

.(10-15) 



jUsJl * 03 ! t J-aaJI 


0 2 4 6 8 



* * 

,RL jlouolt £J^) A_x 0-^ w ,o AAb&a. CjL*iLa-a ^j>'<a% JiAJ -lalij j>i<a^ ^ 10~ 15) 


0^ 13j cyLsAll 2 $ ^d! <_*>!il ,4j y^jdi <JJbJl ^ a*j 3JL>jcii oljlJli! <3 d->lii^il 

*)/ .aJI i* <J\jAJ jlp ioL* {jA j ^Sv* Jjlp ^>Tji *)l AjS( ouii? jLj - ** tdc -5JJ ^ 

# * J ^ 0 * > 

L ( j*£'\jc* ,L*LC aA JL>- Jb>r Jj /^J J cLj j£q OJ4-1*1) oUiSsll OJU. -1 JL?rj_J 

JSUir JiU Jl>-jj OjyjdL . LSLj-i s.Uas ^JxJuJ LiSf 41 ?Lmm-j ajjjc** aIpIa* a-jIj^ jiljji 11 

.aJIjl* i?I a) ^y*4- Ojyo ~ 3 islaJi 01 .ae <3 ^saJI ^lj J\ 

* f # 

•R.(^ aIpIaIJ j ixj . ^ « * y,i-c ^^IpIa^* «3 X c |<»ol ^ S'"'Jj 

.(yL^aJl ^4 ^i^l) A^ A*JL*» jUsla) <J\jJl ^dl .Aj'Uaa) jl ^:>^ill ojIjjj A^_i ^_JcJ 

131 .(RC a_jj ^ (Ja^***^ jl jAsaII X c aJL- d^ljj ^dt j/ia^ _ij 

dd-A <3 oJjaj c^^Lwwj.1 dJbpu ajA ipuii i^v <. ja^aIi ^di _ *.# 

. V 0^^-? Aa^S^Lo* A-jL t^JJLc ^Jl ^jIa^aII jl OI^’^-av? aJL^-I 


RLC ^juIaaII 

Ij-fc j A^jLaII ^-AL-vs-4 J^1? ^1p Aj jjCodl j A«jjjjj*xdl aIpLaII a«<L 5T U jlj 

. aaJLJJ J^ir J>Ip eJmj^J 4^0a » > ^ X c j cX l lR o*>li]l c^LoivJl p— aJI 

RX ^jluull ua) 

Ajl .AjljLwdl OjI jjia}\ ^jA X l A<*jflJjJ>xdl AlpliilJ R AA^IaILj ^L^Jkl ^ \ 1 jl J 5"4j 

R A^jUilj l£ y~* y^-*io .AjwLajtll iS ^ ***a j AwA . U 




c4~«JaJdlj cfrlioUl 


.4jAa*J| ibipSfl {£ y ~~■*• 3 ^^~ft^l {£ y^AA*ll 4. A. — A* y a> X c 4»«,A Jj>dll 4,. lpUlly 

(4a]L*) 4j y*^* yi (4^>ry/*) 4**3*j£- Ool5”" Oj oN^pbill J^l y .4-JLm*» jS* A,*.. jLfl>- ilj_pL d>l_^ybflll 

.Ua^JI ^IjlpSII 

<3 ^J^LJl N 0*^ i02j?ry* jS* 4-JL^Jl 4**ybflll 01 £”yv*yJ (J - ®-*-^ 

oNb>- (j jb$Jrl <-3y«vdI> 01 ^4-JL-* \a j\jL* 4j| ^1P 4jjUaJlfT tdC £* ^J^bdJi t oNbl-l (j&H 

3 4 ^bp ^jSljLo 4-JU Jjp Oybflll 4-*^i 0yS^J C^y^Jy . djjbtL* 4JU*-4 J?j d-^- 4-JL- 41*ybL» jtS^y <_£y>0 

.(11-15) J^djf j £W?y-* dUly (ilpUi - Oybb*) 72A" c£jZ~Jl <^Jl+oJ 


4aUJI 4JUfl ^ 

^ytC. . 4 JL* X c Uphill jLipI J-Jail aJp ONI dJUa>* -*—5 0y—01 c.-:£ 

P-A U y*s- La-1 >-I y J*?dj c.^0;y tijJLwOl il-AP^/l ^J., -&>- 3 A"l 4^0a— j^> dil 4—lpUll jsIJ-I_0 I_*1 

distil J^>J *up 2L.UI jr Sll dJL^ .%Jl_- oL^^iT'' ouLiCil u> ^ .J ,4_y\ill 

.d>Ui£lly 

.SLjLAN 4 *?ry* |f^5 ^ly t jA*^a\\j \jJj* tVli N 4*11-^ p-*i ^y>* 4lpbill p-ji j—5*’ of o-^L 

» J . . ^ J * 

^v^b^Jl ^ly^»jJi 3 dolOajj>dily d»bt^*Jl .4 a 1J4- ^l*VPo" d^Nlpbill L*j1 ^ Oy-jby^ly 0y-»*Jllflll 

y*ylll .dC 4**y\jL* ^yP NAdA,*y LaJu 5^- Iwbu SC 4 jLpIa* ^Jjuio III 4 l^JLl 

,x c h ^uJl aIpULIJ X l 4 ~^^ <1pU 1I ^ !AT oiJi ^ ‘X j* sOpUIU ^bdl 

AjuLaaII ^^bLudt JjulB 

j\p ^4 : a>- ^jp ^1 7? Oj^j of 0d>- t/2 + y’Af ^JL*Jb 4*jbf ^1 

<u-its" ^1 RX (£ i_* a i^< 3 ^LaaS"” ^I«xpI c^l X O^^j 01 ^.... 

.i*jLdf 4 jcJ*Ij I fij-A ^jpw\j .(jO + 0) 1-bJkl 3 JaLi O 

R 0^b j L r . r d > tbjb X lij .be* b^jOu jl X jl 72 4jtSbft.ll ^btj» j+rCJ <^ju —5^ ^_£ 

72 ^Aj 13^ .LOul J jb\ ^buiJl j*y*3J ijS 'I X L UjU 7? lil .^btjjl J^ia 3 ®^b|j LaJUP 

3 ^ “1“ jX ^il 4)aiJb ^3 .4-jb J^l ^bdJl ^-y^i c(sJb^) jS ~| Xq bjb 

J^biill fl-b& ib£i /^Ss4. .4lpbally Oybflll JJ^~ ^-^lyll JabSdl £ Ju~» ^jjl ylA^Al 

4^0li blyj 4iSCiw* Jjl^I o bft^AdA l ^JabLJ d-A^:y Ay 7? jybs^l 3i 72 + jX 4jaiJl yy 4 a*a:^ a 

.4ili£ Js>US oJlp (11~15) j5dJl £y?y .bgjt^ 

j' yl jb-Jly u^J\ aUb Xj R Jiu" Ujup J^UJb ONI ^3 
0 * dUl j>*i . 4 pyd» obftyj jl1 aa-aj 72 + jX ^1 yO + 0 ^ ^UdJly 7? + jX ^UaiLI I- * 

.djI^Jl 3 4 jLp billy Oybflll 1) b*<4jp 4aj Lftll ^jlj 4*aX 



l juitS 1 JnAA)l 



AxJIaaI] AlUx&ii 4-4J&}) 

U* <y^ tu> AjjL^« U l) j£j* ji jL^Pr Aju^ Ol L$ ^ ^jiL__v- 

• — 600 J ^jl — 8 O j-*a^ oljj^w* OL»j>r >,h i oLJ 1 *-k>rjJ 4*&i * 

A1P ji-jdJ ^^JLr] ^jUj j^»Xa1 *b>-\j JiJ lp *u j jxls^ai! Js—S^ 

. j-*Sf^ jbl jpt Ji^rjj 

— 8 OOU tAi .43<L*ji oljubf li> 0J^J*-1 (J,l l* y*S- oJL^" _*jl jw-_J 4J 

a-j^ 5 jl 4 jjL-> 4jJULp 4juL»jr. ^J--kJtU 4.^.^yg/« ^j! — 600 Jiii ojtaj <J0 + 8 aj^-ap 4-*jL£ 4 J 





f' i*->» J j& oi—>-^!i «j (3 O^^^jLgiti d->j^>ijj c^lili ,yo + 600 

* s ? "* _ , * * 

bJsb ^a^tp Jx*Su 'M CjU cU.Jail aJl* "JUjUII” aJLfc cJjl^ bl ."f j jl" bJLP 

c£eJwaj (j ^^)a*** J^iaJ 'y iAP Oj^j 01 ( j^C 

jfy’O + 8 ^JLiJl 4*0^1 Jl S^-iuUp AxiU Lj ^ bl "Z = 8 ft" SjUJl J&—J of f> -&i 
<3 ^w?^* tlJJi 01 .oL*—8 ^ iSy +~—il 4-Jwa —5 j —0 (j £f jl 78 — 0 jl 78 + 0 

Z — $ £2 5 jiJLj>til AjJiOl c^UiUll {j* ^j\j& N jjlp Jbrl^i» 01 ^ .( 12 — 15 ) _ ll 

.C-«?xJl ^^JalJl ^*ib 

( 10 - 15 ) 4iuu 

.Z = 10 Q 4 iJL!ail LfuJ <aL& AjJLap 0>t*Jt£ ^fil 


*L 



*C 

.j»jf 8 a *jIaa1 ■‘uUiaII <ajsJ 1 JUi <Ajujf :(12~15) (J^uJl 



cOjUsil jUJt J y- Jbjlt :jJLp 


(10-15) AJL- J*. 

u- 3 ( j 2 *-^ t/*J yio — Oj 17O + 10j y’10 + 0 :a?%‘ 0^ J4——)l j—* 

.(Jjjlll ^lp C43t5i 

+ 6 2 aj^| . 101816 ap'^U^ i—..««« ‘ > <JU*^ AjjljJi cJ^> *^-jj ^j— 

+ 8j t/8 — 6j c/8 + 6 Lj-^J 01 tl —/! 4£ JJaJi cL>jjplLi 4j^]aj Ul) . 10 2 — 8 2 

jl 10 ajjL~» iilUil ajJLap oUjbr JiJ ./6 - 8j c/6 

4^«aJlXJUj Jb-IJ ^JLp ^I^j! JLiP 4^1iU AjJLaxJl 4 jlJU1I J& iJLs^ jSLij iljL^-J lij 

jlj tA3oL*^UL« lil tii-ii Oj .aJj^Lv tssLxJLf ^p 0jt> ^jbl^xi'yi /-s^'yi 
— Z aJlpLaj 'y d*>L*jL£ ^jS* oIp JLLgJj Jo*b*«Jdc* , jup A^lpbaij! / A^LbtiJi 
^lp L* Jb- (J,i oDi JLoJUj ^ AjUSj /JJ iLbi^.:ll 4 juL* 11 Ijp <j\j ^j-s^lj JaP- -brjj . 4 jo4j jll — Z / 

. Z*jUll 4 j*jLoJlI ji Zjj+izJi 4 j» jUli jL>-'yi A*J (j aIpLaII 4JliM AxjLaJwl ^pOj .J^jalil 

djii-U^ d.««^,4P Ajl^ A-jj^yX^Jl d*>Ijta J§ 4j^ p43 y*a —ll 4—*^ULi.l d^l w.iLaJj oj 
. 4-w>L^^I (J Ajla^Jl <U3 L* <S)I\ /^>- L*Jb JLaJ .A-^AjlAI djla^ja;)! <J5 4 juL«JJ £^yj?yi Lg_L»lS\j 

i# 

cTeach Yourself Electricity and Electronics J ^yj>jL\ \1» Jj*~ %^Ju j£\ ooi* ^l^j j—^Lc 
cd^lJjy^J^lj 4 ^l»^Jl J oLl^Jl c_dS^ — -Ji> j — .McGraw-Hill j — p j^Ua — Jl 

.o'yUJ'yij 


jb^»l 



■ ~ j 1 vli *" * *^* I d»A*^ o ^ j jj • i '^ 1' J-ahJI IbXa (_5 ^ji ^j ■ J I ,1,1 • a p 

.^li^it SjU ^ dij-« 4 jU- ip C£t*>w 3 

?^-T>J1 IJL» AJiUi y-e. L. . J-JL-JI pF - 300 U-J oliki . 1 

• rj i-100 (a) 

•CJ' -300 (b) 

-f ji -900 (c) 

oL«^1aL1 ^v* 0^) 

14* ij>— L* yii)l j^Ip oJUsj pF — 300 oUi^L* aJ^jAj .2 

PF 100 (a) 

PF 300 (b) 

PF 900 (c) 





U >jj£Sy\ J j oLJl 


.14^-^“ 0 L 4 *bjl (d) 

^ fj' 47 ■s-'jdl o'i iiyvaJt AjJijJl 4 >uLJ.I .3 

JO + 47 (a) 

•747 - 0 (b) 

7'47 + 0 (c) 

747 + 47 (d) 

Ot J^JL* 01 oTii ^j - 4 ,y30 + 25- 00 jlOOI iuoLOJ *b-t£ 7 * -4 

lja>- (a) 

. aj 3lpUil (b) 

.4j5-*jli* ixiU .1 (c) 

.dc jLiiL; (d) 

01 jJ (Jy 05 Jj>r^ 45 " aJjLp Oj\j C->b aJL^? d^U. .5 

JjUJlj 4 jjLL* (a) 

,^5lAjjli* 4 jCn*J| *Xj^J (b) 

ji\ (c) 

JaJod (d) 

J <^f \ j X L b) cUdil { jO±J(- lJlP-Uoj' bl .6 
. Lg lQlp -1 Qajj (a) 

.4ju jl jtJLiC. (b) 

LgJU -3 (c) 

^ >» ^ > (d) 

aIpIaII 0j^ 4 o^ dc *^4 J>! ' (3^* ^ 1 *7 

.aOLx 4 jL£ V (a) 

. 4-j>r5jLi ^ (b) 

•>* ( c ) 

. A 43 I 7 I cs^ g-^-**^*.* (d) 

|lF 100 4*^ 4*~-j fjl 30 c£jL*J iiAo»jlfti AjJlSjJI 4*iLli Ajuit .8 

.^Ju J^Ja3i L*i> (a) 

. Lfc-ftPaso (b) 



oJjUsM jLJl Jy Jbjll : Jygailt 


. J^uS IjlL* jL^pjO (c) 

.UiLJl o^IbU ^ c?t (d) 

<pF -33 ^ ac S-sby .9 

.ac i-jjbiil jL^I Jitj Jit J^-io ^U. (a) 

.ac vjbiil jW^' j yS~t J^Liu (J^ll jj'U (b) 

.ac ^jLdl jLib aijcL/ Jis ^ (c) 

. 20 yil iS'j** ^Js- bUip! jt ac Axjbf * (d) 

.jO + 500 JdJLiJl i*iUl jLj .10 
.ii^ (a) 

.4i^5 ^aj y£ AlpUi (b) 

. 43^5> 4j yuM 4lpU^ (C) 

.0 jyAAA fljb (d) 




16 cMl» 


^yj\jA ^ ^ LS^" 4~*A jA OjJS {jA ^JfiUJl i_ J i ^2 ) -s4?l j ^ 

Jj*I j>- ^ 1 qka j^JJlj w 'Ja+J/ cjjljJi ^ Olla-C 15" j^\j^S ^ Afrip* 

oUj u-jLp jP 0jLp A-i 4^jJl J>l j>- ,Jkz*A l)<^JJ l j ip Ja^Jlj tolij j&\ *3 ^^KudJi 
.AliUl i^Ja»/3) 4*jj 1 c^lj^^i.1 ^p ^j,*,. ^ a l l i-Lfc 3 ^Jlj 


oii p—n aJu? j Sjpl-iJI 0 j^J c^ 5 \j ^-Lc ^ip p _k*Jl Jx*Jl ^ olilSj o UJup 

* JvS-SSI pis? 

77 la«a3 l d^Ukl ^JjL«j A-i^‘* -3 ^l t*XJJ jA (1 1 6) Tt- t^ j) . AwJM 

oL4N1j ^ L$^Jj al_4^ ^5"L>t4 aL^-lj J,liii .ijjjJl <J ob*jj2^J^(i jfaX* -,T 

la^il jl5" ii] jLlil Jp a«jLL»j AjjILlj j ^ b! .aJ jy**i <£• 

.((V-2-16) JSLiil Jfl5l) AjjUaJ! Lr £p f bl J5Jto N J (0-2-16) j£jJ) VJl; 

o5jj jJl ^i5j jl ^1 L*3l 3 10^11 AliJl Ji j<jt <w*^; <J^* 

.L^JLj J> jSOj, jl^Ij oL4l Jijj ^JLil JSUI 



t 


^Xjya4J Inlfl ^ 3°^ ’(l - 16^ 3^*1^ 




j t y,.k*llj t *UoUl 


(') 


II 


0“1 


AWV— 


:^l jUuVI 

jU11 


w 


<SH 


AMV-1 


(3^ V jUill 


• jUll jifi ^uSft jl^VI gii (I) :(2-16) Jiifl 

. jL-all LyjS 1 jl_£i ^*jfL ^u£*]l £cjoj 

cSt(t—2— 16) ( JSLiJ( <j) p—n -*-—^ 

Oi .3 jj-UJ ^uJl 4l?\****> jt) I'f'Lttyl ^ZaJl '-XA ^yP-b . jb—j j 

,1 Ijl .^.Jjl l^L. ^ ^Jl «Ul ^ bl^pl J v 1 Jl v 0.3 Jlj*- JA ^uSfl J**r 

£.. aji-iJl Jij Ji 4^L.Sl' J+J- JiS/l ^yU LijLw p-n aJv>j ^ j!kil J^A-I j—£> 

. d^jwLaj 

Xs* .oLjjljaj /^P 5 jLp objjJlil JIT j l^jaju otajj.5 sJL*J 3 j—$>- cJ*Lia—J 

-Lg^r i^j^j L 4-«*j3j dL^'yij p —77 ^ 4^r j J A>* ^gip ^ ^ 

f ^ X* / thj-^ 4_y»b^l j__xU 

Jlg-ir IjjLv»w* i .‘Cyd ^yL*Sn Jl^??- Oj^J {.X^JU dl £^/1 j p—Yl cJ^k ./?j 4*—:vy 

c^L*S^ dL4\L> ^JJLJ 'b/ Li] ..S'"SJby p—n 0] ,yw?Sf^ 

. ( JjjJj bJLLP dc 4 >»jLa>^ L#Lc 



Jitjjl JJUajt : jJU- ^Ljt 


ji-b£ ip Ja^Jl ja o^lll Jt a—~J b aJL* « Ja^Jt jx ibl_It jj_£j L*ju _p ip—n a1_J 

A—Joill JjJ-J JLp . JLa- jSLij 3jj-0l Jij hylA^f jL^yi Ajl .p Jt n y aJ obj^J’J 

^Jjjjt Jibj J jLtyi aJU- 3 j^Sl Jo*jJl /jX d^Uii A—-Jb <L>r jA ft JsuJt y» olit j jSj 

, i^A+ J^—o 

1 tA-L>rJJ Al>*_JiJt db4b /J l" 3 a *tt y* d^lit O-’bj^llxJt ^^j«*Jt jb^-t U« P 

* * 

<y jiiltj (/? Jo»Jl ^jx 3^lit <j) obj^sSO^t .a 1*£>Jt /jp Ui2jt lJuu caJLJI a^>wJI dl4b Jiill 

jLLz^ yi 4jtJm lJ> j-^jj t JiJt aJLU dJlfc ^JUJ .aIv?J t J y>r (j *x (£> y —* oil—It (j) 

. Jb j. J” aJjU o^U5" J ^Jb^J”” JjUS" 

41 * 43 ]) AjLui 

JbJT ^ 3J y>r .Jxxit J)L^\t i’jj-i J cjlSSHi" p—n aJU> J <J>J-A 2 - ^ L)t J-Sic 

JL^- ^x ^iSjiAlt 4ji>pj 4 jl+m ji*xJ ^^C . A^bi-i 6<Xa y* d^bil— »*}U jZS'jLaJI ^y>\ - >- 

^bjt US' ^xil .Xjrt ibjt US’ . iblilw»»\t A.flJ q.»a tJj* jSl ^xJl jl*^-Vt 

cAP^—u iJLaiJ Ax—* JlJrt jS 'jUJt y? yu jt ^Jlc .yt^i Ax—Jt C—>x—^>t L*iS"~j Sbuz-*V t A3]a:^ j—P 

(i ^ . 

.A-JlxJt Ot^^^Jt Jt t^ y^p wL^i-t otj^xJ 


MM 

s 

^pJj . JjaJb ^7—/7 A-/3_^jt ^cAjliS^ Ixjjj jA -Lgjirt ^tj jL^t aJL>- (J -ijJ-Jt jlS" ti^ 

.jj-S^ jSljo t AjaA>uit ^^ji-t JUP yi-s^Jt Lj ^5 jj^l ^xJt jLjt UH ji .jLj^yi jyh t»iJJi 

L ^ajl.y3>- aJsjSj (3—16^) J^—Jt -^yPy . C^t^^jwJt ^t^jl c3^il^“tj jUy/ .4^>- 

^Ixjt A—ja.alt ^ jS"\ j\^A*yt j| (3^ -Lg_^rt aJ\Jj 

jLit 3 y^>r U> jj^J jj^tjv- J^Ltu yjJ Ot^jji £j'*--P-~ f .jL^Vt jj\j yjj Jyj -j . c »[a*)1\ 


• dc 3jJJit objj^» yyr ^ .j?:J jL^-\t yj ot^jj^ .aXj^ 


MJ»» 

#= > 

(j t-Ljb* 3jjwJt jJJi Jx^; .A-Jlt* J? C—Ja-A5 Jj>“tj oi4U jLdi lAjjilf JjjjJl Jj _«j 

•dc J! ac Jijj- 

* * * 

A——Jb ,1a. Jt j^>j IxJUP $jbjt yJCj A——Jb bJbx la. Jt j^^j IxJUP i b>j— oP 

JJi Jjt J*>bv- . il J—Jt t Jjb 3jLi\1 3A—»b*S/t ^lilt ^ J4*r jU . jbjt ^ tJbwxJJ 

JJLaj ^iS"! jJJi J^j V cJJU j djjjJl cJwaj ^x J'^'j OjjjJt Jajj cojjjJt ^ 



OUjy£j?lj eJlJl 



fi c 

^Js> bUip! Siij ac Ijp y* cJLJi p—Jill jl ^il p—iJl y*^ ^y£ .ac Sjj-> y *Ab 50 y 

, d^iwlJl (Jj J^> / 3y 4j4j 


Li&Jl 


i^a*jSu tiJUi ^pJj . cyjLiil jLJJ (rf) b£ypl^ yJl y* 4 -a^-wmJ! ibbtL^I ^jjjJl —j 

JllJbj .aJLs^J A*-** jl .3yp . <_>L£-£?/ jl ^JjJjCL—Ji 

.y-^/l dbr^b «jy*. Nj »l4u jUJl jyJ trf J5 fy*jT ^Jai^o 


J-iliJ j *As^J teat whisker 


y o^*- 4 fijjL ylc ^Js' yJb iiJUL*» l^y ^lj tJiUl £.—« fij —Sj 

yJ .(galena) M* -PbS yU>^i! ojy—S" 

y* 5 ' ^ Ji) 

objji y <2J-b ( J*^T 


y>" (^SJ Q^y- y } J £_-• 

^Lc-iLaJ LubjjJb _k*Ji IJla y ^3yJ .(galena) 4^ -PbS yU^^Jl c 

^1) yS""l J ySl :o jd\ .ilpjlj j 5ij ^JaJl dJl4 .y^l JL>^JJ aL^ jh\ Aju* jywaJ bJL^> ^ & j 

i*bb L»^ dA Aiy^S' c3yallb f.JL*3l y* d->L« j An S' J-^jlJIj <dby-til 

„x» v i i . - Ml r 


■(< 


.rf <j5 SJLsr ^Ljl—Jjajij 


y.Sn juui 



j .Vi ‘i .'.' 

7V 

\ _. 

^yLaVl ^iall <Jaaj 

/ jWtf I 


/ 

II jLuM 

.(JSU i fluVi JjjJ jjaaII ^yok^al) :( 3 “ 16 ) 


(Gunn) jte vlibjjJ 

4ili tjl$Jr' 1-U ^Ip wlpr yJaJ XJ> .(GaAs) ■ I t t K* 1 ^ i ^y* (^jL^ -3yjJ ^ < ./Jj 

J. Gunn of International Business Machines (IBM) Jl ^^ ^ ^ c^bJij t 

<L*jUilf ^PwU 4-s<s»Ui- jlyA^/l .yj l) yJl ay -(Jj^ dyliaJl (^jJlj 



JilyJl Juit :ytp ^at-Jl JoiJl 


JiUl ^ Jit* Jt>r y V ilu-L*j t»5”j bku WJb^l diJi ,<JL—If 

jLxjl i yAAs^j c jl*il ^>fcAl ^v* l jy*^* iJL^ £jpr dji eJLys*- ^1 ^oill lJu& LJL~JI <L*jiali •Jtii 

.5Jlj j$£S\ ^ jaJl (J ^J^Lio OJl4 li UiaiU-* i-lgJrl siljJ; OIp ijji 

(IMPATT) ^1 ^i PjIjjjJ 

impact avalanche oUKJl l^y^A JJljl j* 5iJ y <*\£ ^ ("iM-pat" Jaihj) IMPATT 

t1J4 AdJaJl AxJbJlj vb£Jl li* <j L~iif Jajj jJ .jLiNl js& cpj transit time 

£^1j>L jLgJr (IMPATT) oL ^1 (^1 ijJi <1)1 A^jIaU AjLJLa Aj 1 A,...,.)fl-->-^)b f-Llil *»>lj 

* 

.wUlwJjl ^jJtxJl 'b/Jb 0 ^jA 4«/.yaT <_£y*r ^^SsJj <1)H ijjJLS”" AjJj^oL* 

i^Ji rtUJ .djJLiil Ay^34 jj^ST 1| 4j^jil Jl\ oljLi^Al 5^IMPATT i_jJi ^l«XSO*<l 

^ # * * * t 

dj*x5 Lj l^ *m a) A-^SsJl (<w^Lo jlo Ij^oIj 1 *^y ^ y djb) ^j ,_ -o.xj b jj —p IMPATT 

.54till obi^iil j OIp ijji ^1 ^-^Ll 


Aji&iit cjIj j4ii) 


iJ-< OyJj Aj obijl jlA^/1 ^Jl olijjli y* j>-"\ ^j-ft ^aaJI j^ 

.rf 6 ^*AaJ1 1*a^ a^.oS' ^ a a JI i^j^Oi ^>ij . 

A^umAj ^•^/l ^* 1 ^ .Aj^^^CjLLI A?p^jkl ^3 <—** L^«.‘^r «i(i? ■» A>A ilJl i_^li^J-Xil ^|aAj 

(3i c^l Jb^il Jji AjLjuiaJl ololu- Jbj7 j c(GaAs) 5ojT ^jJU)l ^ 

* * « 

Aju»—«J ^JJl ^jSliu) .olii^ U^lj oljLi} Jbi-il jl ^jp^ (^jji!j iiy 

JiS/1 1^-yaii Jpi-i i yr j jtj^Jl diLj hi-fi y £->*-**— 4 j 

.(J^aiSf 1 y> 

(IREDsIJ LEDs) *\yoJt ^ Ax^Vt ol JjjJj AjJ. jJaJt Cib. 

(^1 ^ j* O^*- d>L,aj^ bL^:—pi 

JjjjJJ Lp yj* jiS^S/1 O^iil ,^«L*S!1 jLj jjy c(IR) c-1 ^r^ll O^- a*J^^/I ^1^*1 tO 
.Aiiij£- jljJl dJju A^j-^aJl ob^jll jiy y ^S>Ji\ ^LP t^lL*Jl ^ft (LED) f-j-JsJJ i^P-Uf 
jil Jl^1?S/1 y* OjaLj J jb 1 *yy* Jl j^Ij 5iU? (IRED) O-^ J^eLJl i^u// 

.(NIR) ^ e-f O-^ lAJttyb ^ll ^^S/i $.^siaiJ 

oiLjj ibjj .^L*S/1 jUxll ^Lp U jl>- JJ IRED jl LED ^ AiljaJl jlJLysJ «JLi JuoJ 

LED { y JUj .j^^lxwJl (j 5ibj <_£l *iibft O^nj ^jJ c^Laj^IIj jLJl ^o-l bl .ajua* aJaa) tjL_Jl 

.^p LJ>j aJU- j Ajl Ujlp IRED jl 



t4... JittUj w*U)t 


tM 

p_n SJL >y IRED jf LED j£i y> <./jjjJJl UaO ^jJl t( _^-/01 

* & * * * * * * 

.Lil5" jLil' 0j£L> ji -U<Jajl y X^s^kP L>rl y\ ^yibA-l jjJ jJLsOJ . 0 jyS* J 4 rw ^ 

I»jajc4 aJslj! jjP aJjLJL* <u*oij ^1 Lgjcwojirj c4-JAjajl^--..ill ^1 ^ ^ 

. <L*L»cit aJL^- 1 (j £ A^wiiil g- yb- D djJU<ail 

L^[ iLg-jip j^xl! yj ^Jl oilil ZjzjJZJl Liaw Uaja^ (4"~16) £t— 

^Lr]I jLjJl jL^jM d~^: a^AjljJl © j\j^-\ lJajj^*1 Lvlji A_*~j-iJi ©*i-A ‘fcLiJl A-JiJ 

* * 
jLiAl^ lolyLl 0 -fi 1j<» sll o ill! A*izilJ 4 JLL 41 LI olotgjjl (j LJL>rJJ jijl *- 

*■ * * 

ajc^'VI jiLij .g.^jJD LIS" Aa**S*Lp ^©IJlI .Lj^^t £^2aJU a«»**S^Lp ^iL L^*)j 

* 

\4y* ^S' LrJI Sijil Lfcj jl>-! jiJ ^Ji y aJ^jI y\.\ 

AjjjSJLyJt 4aJJ*2afl 

j^rLi-l i$\j*>-\ IfcJ ^jil £^*J aSL+~j AjL^] aj j cu.iLa-J* ^jJ_Lv? ^j^*L**Jl i^jjJl 

i^jAy* Aj\ .^fjjaj/ j |^o// P Ja-^Jl J-* ©ill!j ^ Ja^Jl j—• 5^1— il ^—? 

^ ^LijLjj dL^-^Lj jL^r! -L^L-I ^jli^ .£l y^-\ c^- aju^^I jf a,JcjIjJJ 

(3^3 jl IR f.\j^^~\ Aju^SH ^jll £^v-all Ajuil l3L^Jjlp jLJI Jjj .Aj^Lp jLljl ^jjfl-ij 

- ^ 

jJt jl .a_u*^« ijJL>- y*~*& AilJaJl &JLi» ^ 1 ^Jb jL^lll iw^xUli ,p — f% aJi —^^ (UV) a*^*a.— aiJl 

.{£ ^-S/l Jl j!b\ y Jl J^\ A^L-o- j£\ aJj^LL—J l 4jyd\ 


+ dc 


P JoaIiII {ja ajLo 


Aj\^ \11 all 



ajU 


a jl jo^Jl Aajj^UI 


- dc 


.^jjilSl JjjoHj \jJai\ L_i^)»jj fc i jAaJl jjjll ^>>1^ yJaJL* ^jujj ’^ 4 ^ 16 ) J SJJ t 







Jit^Jt JUajt :J^ailt 


t 1 -^wm.^nP ^L>wjJj I ^J ^ »/3 i t J^jjjl 3 —ft fljjilJkt oJLj-Jt AjljaJl ^^3 > ji 

i-j j*ai\ dtjL£<*)|l JUJaiv-V aJLi - * aJ aJ ij it d->t^^jjJl J*j£ .O^LJLiJt aJL a jl*7 £-*Ij 

tj-ft .^M gUtfLflJt 3 AjjjJJt oVt-M^Vt p-Alij ^JJ-rfiit 4—<3 f^J *d *J l t £^jJl (3 L«5"* ALl*il — 

cLwmU fl^Lj^Jl 4 JjL> 2^ *. - ""J 4J\jtJl 3 j > ^J <il d^lj^__j 1« 11 it 

J* -I 

. J-X*it f.j-iail j* 

(PV) y* 5 Jt 

jt IR ry* 4-jlS" 4jU? C-^4®j j\ ti| dc -bJ y 4J y t ^Ja —aj A-Jal..*. —J 

Lj*^l J^P Ld« ^Aj C ^Jjj9j^j! jo&b dJJi ^-b .u <^\ji-\ p—n d*>U *y UV jl ^t 

.4- 


dJJi Jjji .((5-16) J^-bJl) (PV) L5(^~f 3 p—Yl jja—» 4 j»-L^» Oj^j 

4-ii-t ^Uj .p Jsl%jJI oti a^tlt yy AaJ J\ <JLjaJl jjP Lfcj j y* Jbu aJL^sjJ\j A^JaJ^ll AilJaJt 4^—*iT ^—* 

0j£; V Ujlp c^t) *>Ul d^- 0 j-iLit o«jii 3 4>Vdc 0.6 SJb>-t^lt ij^SCJLJl 

A*JL«J PV 4-Lp ^Jsd-*J ^JUl jUl]t ^*Ja*3t 4**^Jl JLd b .(L$-l« IjLJ y>w«j jLg-?r 3 I 4 J J */*y* 

,p~n ^1^3jJl ^rla«* Jp 

4-iiA« A CjL*Ic--} 



O + dc 


O - dc 


4_iiA*-xi <au j>1 

.(PF) <i!a\ LlmUx ^*Ja4A j :^5"”16) Jiitt 

a y^>r S/1 ^^yS AaP^jij aJLmL m j AjjPV LjJ 

. 4->-yLfl djjb J^dj .A*^<^»-«iJl DjJlilLj 4 JAJU^it 

12 jt 9 6 A/ jIJslJ! . J^*JL**lit J^ 5 y L»Jl*P ^^ a3^7 



iiyjjsSty J j w»Ul 


■ S g "V O^j 4^^lp l. jl ■ ■ J L- . T PV *lA ^jZ£*y±£z • P ~ .V dc 

<JL~- 3 jLJ !»,....»Llj . jLjJl Uj^il JLj ^lp SjiU <>■...■.■» .tjl AjjUaJl ^j5sJj 4 iljJ J ^ _si-1 

d-i-A o ^£nj j fc ^~—- J,.. L .. j l 4 J^-^ 3 Ij^- ji-1 ^ /^Jl *^->1 pjUp ^ * \^j—j£ jL- lSi ^ .1 ■ ■■ ’ 

yiJl ^ylp 4 J_J^3 y oU^Srl 

(1-16) <1— 

?V-13.8 w *LiJ^ Lprl^i ^Jl PV ^ j-Ap y U 

(1-16) J* 

ij/JL- PV 4-U JT ^sJ .a_^Jrl £»*J ^ J-JLJl ^^-Ip PV L^>u J—*_, s —« 
jt 13.8/0.6 J^j ^ JijUa. dc V 13.8 /p j jJLUd .L>' V dc 0.6 

.J-JLJi Jp PV Up 23 


^Ja^i <yUj jjiuijDji]) 

v^JJJu ^Liil j^SsJT •!■* jUjvsy p—Yl W—j £—jai^/ <L—/L/ —•*y/y^ 

ja OyA-b ijy. n ja Uub jl cn y P y AJub A-^J -L/yA;J — iaJl 

.p Jfl-*Ji 


PNPj NPN 


olUk^il J 4-L u J ywp/1 _,yXv Jjlyj i j Q~~A I—C *j (6-16) —j' £— 

yh n y jl jSUil cJwaJ j. aU&LaJf <.£*^ii jl p Ja^Jl y oUaJl —J • ^—IsuJa^tJl 

jL?-S/l yju <j l$Jl oQaja>«ll cJwaj ^Oj— l<S~&L— tf 

pnp jjz^jJijdJd\ .(cupUI yb yg-J') Wl yj —i j —‘Cj t£j jyj—^ 

.n JA 4ijail ^yb»r ^JS' AA^> J5^ C^>- tp Jh^jS\ ja ((^)j (^) ^L--#Sf') 

.J>-Ujl Jl /?«/? /j >*j j yg-~^ J Jl n P n yj £ (H-J' 

0 

A^Jai yh 1 ^;«j Ju?- jjl jyiJ' oLf* j\A\ U npnj pnp oi jy—^ y —j 

j pnp «p« jlf*- JlJuw*l oUjaJl J .oljLJl oUUIj ^j — ^-\ 

C-J^ li] OjlJlJl yJL^S^j tfijJjJ! 3jy A^Ja3 ^*!XP 


ij jl rf oU>c^l* jj L^Jaxj .A^JajJt 5yUj oljy*wylyjl y* diAxX—* ^lj—jl wL>rj—j 

4 JUJI SjJLiSl .(af) ol^^y)l (j A*-y L^oly^il 

yli djLM jl ji*» «)l^ -.^ 1 *j thi—fi ^1 jl j l —_' " **^1 *^ * ^ ~ 

^UvaJ .O^JLlI olox^x< ijj c jyj^L^Ji 4 _ajL*JI oLs.,^ li J 5 ^c4jL*-^ 2—Jl _Jl 

.OjLi^l Or yA y-^l y) jjjy l-^SJU 



JSl>Jl J>Uii : jJLP J«*U\ 



fe) 


B 




npn Jil ^-kjkVi j»j *(!)) :(6~16) JikiH 

.(*>) pnp Jjloijpl J^i ^ I nj l n VI 3*J 4 (^) P n P jS c£JO*-aJ ki\ >a 


NPN jlpj) 

0i< pLJ1 o j^j . ^jA jiS"3 LjJL^ .pLJI O^^j 01 jj jL^-'y 4,« l «u«lal l 4JL> J\a}\ 

t r~ 4 * * * * 

.dc .IfJrl ijjl ^ S-' k^ l Ji £***il cylyajl ^ L>y jl 1 yup tc/yUO p-k** <j 

.L>' V 50 Ji V 3 j*Jrl C jljtf .<oM Js^ji (7-16) J^oJl 

^1 £ B 4 J j*ji c oJ-pLill ^0^4 ^JLp 3^1 c3 ^L^dl 0^ o*xp\jiJJ jLJuj 

. Kq f Eq aJ y*ji C^-^lj — 0—P-L jL^-l A^«j Vq 


^JLel\ jLaJVl 

L^^<k5^ O^^j L«-Up ^1 4 J y*&y oJipUJl 0'y L*J«lp (^yjj^sJi jLy- V/ ill^ jy.+*jj \jOl Oj ^j 

01 4^-i jLj ^ ^(cutoff) c^OJl k^jJl lij& .C^pLJI 0 j —o^J LjL~— a 

• ta f 4 L*S/! .-LgJr ^pS/1 yi jUMI ji 131 p—n aJ— jj —p 3 ®^ i 

.V 0.3 j*jOL*ystJJ wi^j>r OjSoj cV 0.6 0 ^j 0j^SLL—U 

■fi 

jjr E-B aJL/ 3jjl 0^j 0jAv^ (E-B) o-IpU— t0 —pIj jLj ti>l jL^'yi 3 /g jLJl O^^j 

001 ’(^L 5 o-LpLaJ! ®jLil 131 ^<»j>t«i.i 3 \ 3 ^* jLOl 0JJ3 ^*jlC . a]— yA 

wl^- ^S' C-OAl i l 4-JlS^ 1^. : , ^ . ^ O^vJ 01 J t^pS/1 0^ A^>rOjLw')fl ola 4 . .Ja . * 

Or 4 ^0^ ^ E—B aL/3jJ 





,,L«Uj oUt 



jLjLit A ja aJi ^ npn jy~*y\y S-Xp15 ^1 ^aj jliaj f a— jt ^J° j * * ' 

> 

L*o . L+J\^ E—B aJw? j jL^-'y ojjwbt-l AjjUaJl di> 3iU*l ^jx^ .c~pLli A~~Jb aJL- ai^U]l j 

,E—B aJua?J c£^3> d...A^ <Jlp J»£Pr C.-A.OA J oJjjJrl 4jjUaJl aAA <jl 

+ 

^1aJ| -X ^>r ^ip *w ■«.*» 1) Aj jl]aj ^ip ^—■ 1*<13 djbil . tf> ~ v_. 

4jL/? jJt ^J-illJ AjliS^ A*iJy» AjjUaJl dJA A-Prjil tjj£j jl S"^ t E~B aLs£> jJ ^ *L*V^ 

+ 

.L$JU£j ijjjJl 3 .ajjjJl ^ij *®jj^ c/* ty* b? E—B 


i^M\ jUauVI 

<Lbl jl*j Ajaip^* ObLblj cd-pLii A^-Jb LjUM SjU*-> aJpti jf Jpjj I 

-j^ ^ aj ^ ^ & J 51 ^air b i 

.jLJI JjLj £—2? aLs^ jJl Dli J^ps- J^Jrl ^JL UJLP 

C(£-C) ij^pb jLJ j£ a>I cL--^p (2?—C) a-XpLi aJLvpj jb^-1 p-Pj-^ ^—Ip 

Ojbi^l 3 ojbjJl s_. ««««> ,E —'5 a1*3j Ujup c/^ aJ j*jL$ by LJLp jb*i5i \<Xa ^pUj 

AjM ,/ c jLJl (3 d^bj t/g dJpUJl jbj 3 ®jbw2> s^bjj AAf'td-XpUJi 3 AjPrjil A-_JaiJl ob 


,*jipI^La>^i t A:h aa ii Lj ^*1^?«<*«j ijJki 


Ijjp^l apLaJjp Iq jLiil aJsjsj ajL^jJI 3 ^/g ^\Juj\ j^i^l 

Al/fip (8— 16) 3 ^* jj^jjljdf t^afLa^- jf / B aJV-Xj / c —;b 



Jit yi\ JUflit :j-U 


^Jl ^y C5^ 4-IxaJI |*^a} 1 *A.« J? x> .A^Jajtil ^Jbj jy — *m y\j , j>~ 

jy*** y\y}\ i)ySj .AjLJLt^ail djL«Jl* , yi d->lj j Apljal—*»^/l jji^j 3 J 1 ^^ 

l^jgx^iaJ ^1 p aJjJj j^LwnjilJLiijj JgdJiA c—^- .c->Li>fciil ^jJl_«—j L*Jj —p ^ L — J*j a__JL>- 3 
.(J^gjJlj J^aiJl) JjLlJl e3lJl*Sf ^J»lw>o t^SsJj .aJIxAj oljLJ*^ 

J# 

£^J 

'c 



PNP jUaul 

^npn jy^y^y^^ pwp jy**y\y^ aJL>- 0j—^L> 

4jJail djLi^i A,»»Jaf l)j^j (jt l *-r~£ • o^jj> A««)?+ .(9-16) 3 

.^-5 *ujii ^ jlp cJUiU jut 

jlJ j 5jyLvaii ol."jU pnp ji npn jijj~~*y\yi\ ^ ^\ ol j—£L c 

* ' 

*g~ h/ 3.^-' ^gwx Ajijaiil JLUj (3 -/^ ^-^>3.1 jLj 3 dj^S' c A lii) /g oJ. pLaJl 

«» 

<.npn jLpr £* AjjU. pnp jlpr J Ub£ Jg^Uil c£jJJl U-lj .jU^/I OjJLi JJJ j j _£L> 

.^Jaxx 3 caJ^jJI 3 ^ajU^> A^grjUi-l cJ^^a jijl f.1^1 j^Ssj 






•pnp jjlijjjjl jail jL^jYl :(9~16) JiiD 


juai 

^ * * M» f # * 

/ c jLiil (j j^»5" ^**xJ / B (J 1^ j jy~*j*\ Lr^ —i 

5jLi*^ jLj <_£l £-» jl£ L* aJ jl> ^>tvaJ <_£X* .1 >«->w 5 jL^-Y^ L*Ju— p 

OSM jbill 

jl]l A^axll ^jLj jy~* j 3 ^3 l£*^ ^%-JipSn *,<3t 

^ 3JL Jja]\ ^Js- bUxpi till-ij toijil ob ol £wsj aL> J-*U^ bo ^ jl^o jl j—SO: .lx—^ 
^jP j>j*x)l (3 ^ ^»L»^/I jLJ} Jjj^ <+~J jy*j .j A^2 J 1-4 (Sj —^ 

ioJpUiil jLj J,! £<>j>xil jLj Aj-vJ Jjuj (,^3 .//pE ^ ^ bu jjX-*»jjljsM 

^FE ~ /c^B 

^ *? 

//pE = ^~Jb imA 35 / c jL; mA 1 / B o-u-U jL" lit <*>li—• 

.// FE = 35/0.5 = 70 OU J c = 35 mAj / B = 0.5 mA OlT lil .35/1 = 35 

^LlaUj^1\ jlull ^JL2u 

*Aji^xU <3(^} Iq jb*^ (3 3jA^ A^o C^b-^; jblil JjJj>tll Aflj Jja!i\ 

j\.*so»>-\ .jLJI?*j jj bajl ju (_£3Jij <,^$^aLjjJ} jLdt Aj| .a^vzJI I b jbxll <3 

* #» 

ci_3j ydl I,Liij Oil oIjLaII 3 (A) <3j-^Jl oL*J5^ 

A/ c /A/ b = jUl 

#> * * 

Oli tL w^wLxa .Ijl^V^-i wLX<Y^ ^^ajl.^^1 ^>«JL* I^wUp L* j>S**^ l A/ c /A/ b Aj**<jlJ| 



JSlyJ I J>Uit : ^U\ 


.diL (3 ^-Lll |»ybu*J,l Jw* a}oj3j (^\ (3 A/ c /AI b 4-~kl 

U jj5~l £^1 OjSsJ t^yajL^akl ( j^>w« Jjlii Pjkl <3 yll <ki/ jJ—£j L»Jj—p 

p-? * jjlw-Jjlyll 01 .// FE jj- 4 4*J ji A^a]| oj-ft j[ .Oj±x+0 J>--dl Ojbil , *^'~ 4 b L* t^j—0XX 

oJtA J5 f k~~.* Jajp ^jp OjLp ^j^ajL^aji-l ^*£>0 jSf kiJUij IJb* 4 j y Jp-jJl OjLil j_^ ^ bj ^_k>- 

ij^-kl djLi^ ^il J^oU Jv?Sfl jj 5 4^—j jA ^^-i ^J^'V J^oil jl ^JU l*AAj ,<ujkli) 

.Jp-uJl 4 jl** yT"l yk jl f.L*ii»xlj 

4jLlil ^jj yajb^JJ c^yajL^A-l j^p ^,.,*oaJl Jl JJlJLi)I 4 J 2 A) 3j>-ljl iyr«X 

Jl jyoy Iyll d^Uii 4 jL sS”" 4 jy J>-uJl djLij C-JIT lij 4 ^-jjj p.^iJl jj-L*- jl *y^>- —Ll 

.5jLi^l djji f.j>- (^1 *UjI J - 4 *yJrl 


UjA &J\ 

( ^ r p oIjjju jljjLp -u*-y ,A^^laflil ^yhi j yoyly <yl (3 oJJij 33y 03 by yi yai>c-u 

.33yii sj^fjj ^yi 

«= 

aJ jU! j ^sa> <yOJl ^yll y* t/J-IjU^-lj t(gain bandwidth product) JUi^y >^jj jl 
Oj^jj *pj jy^y^ y^ kiJJi oj jSfij c^pUi J-^j ^ (1) yi tjjt*-—- 

j&\ LaJi£jajji 33y ji. aJij> yjuijJi i?jy- cjiy y ty>-uji yj ^ju-j AAjUa^ ^yt-i jLj ^ 

(^k^J .(1,000 Hz) 1kHz yJl ^up o»J ^ (aJLLU 70.7 <j\) 0.707 jl*Jl pj v c^kll 

jy^ylyi ^laicvj ^y jr- t^k^l obiy!l JUp jLJ oLx^f oljy^ylyll 

.(gain bandwidth product) Jl^l J*j* £>j ^ jjp jLj J-**Jl 

(2~16) AJLula 

1 5 000 23.5 tS-Jli. ^. » ■ .. 7 J(3 jy***y\y ^ ^ij j 

900 Ji>Jl OiP ^ (Ji^Sfl jUl £,j j* U .kHz 900 U)f ^kiJl jj^' ^L_,j .Hz 

?kHz 


(2-16) J* 

jy~*y\j -Jl (^jJl £-;j *jj .16.6 jJ«A>*y 0.707 j-uJU 23.5 v 1 

.kHz 900 iiyll aip ^b;l 

(3~16) 4jLy*4 

<# 

ojIXL. U;T jjTJdl jy*-ylyll <3 (pk-pk) 5^kl-Jl-5^kl ^ J>-jJI SjLiI jU jl t y5 J ^1 

jjp jy-ylyll jlj aJU>* ot Uuj Jp j &I .Hz 1,000 iiyll -u—p mA 2.00 

yll jtM lii .J^-kl 0jLil dJj3 ^JA ty>r (J,\ f,\xj\ ^ya/Uakl jjynO j-4 f.jJrl jl ill* 

?pk-pk jr >1 *jt-^i jk jyLx y ckHz 900 Jl 





(3-16) J* 

5 ijUI jU 01 dUi .Hz 1,000 m>1 jl* 23.5 >dJ jLdl of.^jf Ji_^ 
kHz 900 m. j=» -up .2.00 pA x 23.5 = 47.0 pA Hz 1,000 »>dl jp* pk-pk £>1 
•pk-pk 0.707 x 47.0 pA = 33.2 pA £SjLil jU 'M 0 _^j t 


jj jjiwjjijoD 


col4 jla1I (FET) ^LsJ^i juLl — // <j^/i ** jjfyft jSLi J 

'*//* :FETs jL—-Jj oUaJT ^>?y .A.JaaSl 4JtJ olj y —M-jjl^lll J,| c_jlva —j Si 

.FET (MOSFET) t(JFET) FET 


4JL^?yJf 


JFET i . 

Je'+y® j\ oli jj&y Jisl . jL^rl J JH,j£S I JiU ol>b v—i JFET <J jU' >* 
jLT ^1 »(ZJ) ^^vaII (J>y— 4 (*9) (JjjL—^ jL-* 4 l)j—^ 

^jd\ jJcj .(G) 4jS^ il iS e3jLJ JUjju ./ s jJUoll jLil jL-o* /j-j c_3 

*» 

.aLiil j jlil jLlil (j oljJu J,l £" g (j oLLalll JJ c4jljJi JL^- oL_all 

l*Lk jjj till iJlfc .JFET y>~ ^Jj oljyc cLi.A^-1 £* G a^ywaJl oLlaJi 

P SUilt J N SUaII 

p * 

d ja jj ^ JFET jy^Ay^ Lc^j (s-■* 10 16) 10 16) ^—^y 

Oj^j OjL S* ^J-«l^i~l ^ipi IjL-wj* /7 JaL^jJi ^jA a^LLl ^ 

^ilaall ^J^sJUj .p laujJt aISIJ ^Ja^aj S.sL« ^a 4jI^J l 0, jJUail Jl A r ^ J lj L?r ja _U 

P aJjLaII oLiil IJL>“ 14 ^(.p JauxJi ^ d^lil (J 

- , * t * * 

UT c Eq . aU-flJl (3 4^>«^Jl 4 jI^. il 

.Ja^J\ / d -^A UTj t 5uaJi j jdt jU\ j\j i jaj-t 
iliu 5U ((i -10-16) j (£ -10-16) J^AJI £*Ij) p SbiJFET jy —?\>J 

^j . ^-i^^ U <..-.lLt t2U- 1 —^ j V a Lt * Jipt 0 *p 

^, .3 , aV - L^lS^ c £ g UiS" ./7 JsLajJl d^L* ^JA (jCS' y^a 4^ Slj 4jl y Si 

. /q ^yp\ LaiS"j CoLlaJI (3 j^JL ^S3l 

c5jI^JI JJ ^^-1^ 4.hIj a ^.wi yi *L3 JFET jy** lJ^‘~ ^‘•-^SjIjiJLS 4.^j_lAI oi]aja>a-ll 

* * 2 j f " 

jy+A J>\yh JaX Lsia-I 6jJdB^\ 4j : ]a» .L>rjL>- 4 >0 |» p oLi JFET jy+j*y I jlil J*jr ^Sy 



JiljJt c3Uai( : jZ* 


J ill <—* y^-3 w °bi JFET jy^y\j Ji ^ jy-~—i —Ll 

.p SU JEFET 

A-Jai ^a p oU JFET jy~*y\^ n obi JFET jy**y\^ b> J& l—-Jb j—Sic 

, A>t-j>x-^ *AjwL^rl jyi+st jj\ OJ \jL^\ yA lT bl Ojl-jJl jaS++* 1*+) y tOj-LdJl 

Pinch off j iliHuiVi 

j J*«ly>- yiJJ £-A joiv 5 jl jj-S" t> _ 5 ^P £obJl ^J^-IJLIj 

oli 4^jc- 4^J Jl t/ D eJSj^ail jU ibjj t£ D <-3^ail -Ipr <bly .JEFT J-**3 cpjJ SbiJl Jji? ^—Lp 

O^IjJj .b^r \j±£ Uj^J ^ cLblj AjI jJl -A^>r y *^\ 4Jb- ^^1P y*S/l .-l>-lj (_£ y~« * 

4->«JiJl J-*l j>- £^aZ~J )J .oLaJl (J JUzz^y/ aMzi* j* jJ JblLj t (p obijl (j A7 oba]l J c-Ji_**) 

^«-w 2 j UJup .oJL$fT 0 U 3 }yrj JUP ^Jw? obi (j j>- j£ jl <-r£ Jblljj tili^U-^/1 4 til ?:,a ^ jj^Ll 

^ m 0 

t<—3b"" UiJ jA Eq Oir bl . jbT OijJL^ dbft]i 3Ll^U*^/l 4.fi)a>.* ^-w2j" Cy5"t 

<—3yu ^1 p jLill JjLj obaJl ^ialvvj ^jJ^ c^*b"" ^jSLio 4j>«JiJl ^y»\ y>- yiJJ b&Jup Ai]aJ> 

.^lil jiJLj ^ ^ UjjX\ j ^lil ^jisyP J* iaA^i A^iJ ^j pinchoff A^bU oJlft 


n — WftjJI (j-4 Slja 



p-J^l ! 

o* y* 


G 



t (l) n Sba JFET j>->! >1 :(10-16) 

4 (c) P Sbi JFET JjpAiiJ^jl jol] ^JJjA-aJ i^i-j) /2 SljS JFET JjS^J^jtyill ^UjUA." yaj 

•(•i) p ©b5 JFET JaII ^^JaoJaaJ j*jj 








^Lui2 

Eq jb*^l ‘^r^* £-jb5^ Id t(obaJl) j *&.il jb—> (11-16) ^ 3 ^—** ^^ y, 

.djbil i£\ <*£j*~~* Lallan Oj^j V b*J-LP H dU5 JFET jy~*y\ 

L*^up . aball 3 jLj j£ m tb* y&&A JFET tUL^j L* a>- ljj-5"* E G UjSvu L»jl p 

cE g ^3b* ^j^bii^l ^*^*1 ^y* ^ obaJl ^r../a" .jj^llj jLlli IJLjj abaJl ^laJ c<LJb* Jjl E G £t*^aj 
^•L»S/i bjL~* (S—Cj) 4JU>jJI Jig-*- tf*i UjS«o <ja / g jL^I .ib jj j 

J-o^j ^jJ CjS—(jt <UjJ^ JaJ L>-^ Eq b| L* jJlij ob a]I Ja—j Ia-L Pj 

pLlI oj . owipUJl dLaJl 3 jbiil ^Jadj . yy** —^ , < La~l_p JFET 

,5ij jJ-1 3 ^ jo j^~ I 

(11-16) 3 L*Jjlp A a « *ygl l 1-xvii (^j— j£ 

J If If If 

t<Lpl)aic*»'yi 3 vT t—ij^-b jLJuil Jbrb bj jte y* itiJ-ta o] 

4J jbiull (JbM 3 ^ *^a\\ 4aja.i/> i._JlL>^ Ijbw* JFET L*.A«lp L» _a! ^cj\< . <ji o 

.7l3>L 


Uk I Jj*Ola 1\ 4 JVjj Ul Ja^a 1\ jLj 


•Eq jb^ Ed { —^*^-^* /p <—^j —^-£_ 

5L‘Lp (12-16) J^-iJl .jl#A-l l/ ajL*z>- iL'Lv ±£\J\ oL>«_dl <p 

<iiuS|l cE g / D ^>C^* Ljajl JW?JJ .A2 obi ^*>1 yj\ JFET jy~*y\j ^jrOjL^L 

.(11-16) J$^Jt 



^yfLiull jbj JJC jbail 



./7 obS ^jJaljaal JFET .^^1 ^Juuull CJ>j>^i<all ^)bij S ^ 11 —16) (JiJJI 



Jdt jA\ J>Uai( :yu- 


J* 

b 



gpUa^B cJt .1$^ 

.n 3liS ^.iJal j^lal JFET jjlujJpi jil <j«nn\ n^ll /iljWu ^ ask; :(12“16) J&tt 


mJjLoaH A-jlSUH 

LajL^ oLwm^L) ^j>JJI^ Ay)^t]l 4_u L*j c_j ** ^ ^ L>JlH jL*-*Jl ^-| -**- -/^ 1 4ja>*JJ i a J^x-LI J, ^ 

. ZJjLzlI iJSUl jf aSL»LjjJI aJjLz/I aJjUL JFET J aIjU ^p-U . 'Ju& 

AjI^JI -L£>* bl Jjj jbj £tIiJ £ G toL^fcil AI^*^* a^-J ul f j^jps\ . (11 — 16 ) 

s» 

.A/ d /A£’ g v^jJl aJSLiII 5J5UI .A/ d a^*-* o*\jji ^ail jLJ bl iby~- cA£ G 0 ji*_^ a-_ <SL> 

v . , * % * 
.Jaliiii <- / ax > 3 ( 11 — 16 ) (3 ^LaAl ^ A y >wJI o*A^ cb—* , *-UA 

b* 5 "" a) I Ailai* t— a 1 >- JFET jb^-l JUP ,^>ull 4 la a> ^\ 3 A/ p/ A/? G 4.^,. all J 

j# 

j-pr ^>- tc>jU -U-jj *)lj .1 yU- c(11 — 16) j Y Afija;—ll j 

aJ^LiLI A*l*bJl IfcJ U^%Jl 4 4la ill (jj . jblil aLJjJl ^JjJJj l*JUP la £q j JQ /p »AjI y; )l 

(/JJl ul£ll Ail .IjUil JUM J** j/L, ^ (.X L$JI jLtiI Aikil ^ ^ \_* r .Jap ' 

* * * * + % 

\jJu 0 Jjj J 4^*0 c/ D j IJ>b" I£"(3 j jj*-*all ji*J' pjapl Jp aJ Jj^a—il 

t * . * 

.OjJLaJI IjjAj t_ 3 J*fiu il (ju Jaibl Jp ^^ll ^jUil 3 'j^ 






(4-16) AlLu 

* * 

^ 'v *XiP -IpLjU <3 o-’Lw^xJlLI l)I J£l>-\ .(12 16) <3 (3 

Eft jy\£ ^1 (•-*jll i-L^ LJlj3i»xl j j3j lALijI Jj —p t^l) £*£) <*— $ j<v<3, ll 

ji tu£jr tal* . jJJi ^ Jjk.l Ju£ V Li(j tA-jiif J? y^' Cf ^w2j cU-jc* ^ 

jjP j£-io £ D t*-UP oljLS»^l ^ JFET OjAi ja 

(4-16) J* 

JaJj) 4jI^JJ jjw pk—pk &jL£] *xpr Ttij cL^—j 4-iai>«j> c3JFET J-*-^—“ ^— p 

* * 

lyi*-- 5lull oL>ull ^ JjcJ! Jjiji) c£ D ./ D j-^il jLj (j II(V -1 (Ji ~2 

./ D J ja-^ £• W—^ ®ji-^i *j\ < £*i ^Eq = —l Vj £ G = —2 v 4ji_^—si 

y Eq ~ —2 V Ak«lt C^Ul>«^il i^yL^j E q j\y*S^\j • I p-*> r « /?< ^1 

^•L>c* jtajj *)l .liU lftg JLpLi)I ^-r^ 2 —ij c£q — —1 V 

.(13-16) <3 ciJ-S^ o| a)I o-La 


E d jjUL*-U p 


,lil 



M 


^JaJL .djLjc>xjJkl ^S-9I ^ < Ij jLuwJl ^ Si pk—pk ^ ^ J rl 

p&AA y^ ^ a . 1 J>r . LJlj^j jlgJrl J4 Lb* I jj£ Eft £-v*t lil J-L* J - & 4-jLi Jj>tj -j 

.oliSjiJl ja ol j-^p £-*oj E'q ^ jjUo N <t~*£ J^jcU JFET ol j> 


J ^ 

^^^wuSI 

/d 



^Uidll V -V 


.(4-16) U—D ^J3 :(13-16) Ji4JI 




Jit^Jt J**U\ 


MOSFET 

metal-oxide-Semiconductor aJUI obd£j' <*y+A JjIjI j* ^UlT ^a MOSFET 

U*]ai* L crj (v“14-16) (t-14-16) jks.—ft £■—. field-effect transistor 

0 -14-16) JSbbftj -14-16) J^kft «yjj n ©Li MOSFET 

./? obi jy~*y\ 

ji aj'^Ji b FET jj~* j >\yft 015" J y MOSFET j — iy&> ^j—*- L*b ;—p 

cLinJ J Jj*A <Sy** 0| ♦bll>- J^bal' ^jA bb —y j . bJ-b jj—I *j 1—c.j .IGFET 

IJbs- AxjiJ jA J>-JlJ| «L*jbL* j tjJLLU A>%yS' . a bail yt* LijiJ cbjb ^— £ 5—ijlP- AjL —b 5jba—J y 

oUk^i J Li, jOb ja4 .J^oJl SjtM ^y cy IjU MOSFET V .(WUll Jb_Jbj) 

, ya ,ft OjU*^' 

4j4<ntjS AKjmaB 

4 } y^~. u La j j*£> AJlk*| ^a MOSFET j 4 -——, , — Ll Oj 

0 ^U-> w U*»j 0 ! i—CMOS ©^-^r' <*£y^~ (<y ft o*'j'J' pL*! 

jA^3 Ji (4^^^jb^*^ySOl) 4 jlS^ b* 4 -jL yS' o*b>*_J- 01 <* •AS^li—ii a «. <g L>- o>b • * 

V .^Jb j£Lio 0j^ll y\y tMOS jL^r- J ^^ykft JjL*ft J ^Lj^S”" £ 2 y» bi .obj^i' 

IJla yA <lL> J>\ 4jlJ1 

4JjjaS 

MOSFET jy*Aj>\y. n ©bi JFET jy~* j >\jzft jLi o *' 0b>-S/' t ya*j j aJL^aJI o'jLaJ' J ^kc 

_)F**jf^ o*^b-s>x-bi «.«*»*! *jP ©bill *—»^b J^bj 4jbw* J^Omj *n ©b t 

J (5-G) - j-U©> 4 Jl^»j o—J JFET ol©j—kll oL—^>xJl L^«—iJ MOSFET 

JJU 51^3jJl di-A C-J15" b^ .tJjjis* (^1 ^L*l . Lfr*~.A) p—n aJl^j MOSFET 

MOSFET UL* t^jb^4^Jl ^jiJl c^^Jj 1-u- ji-5" S—G J-pr O' bJ—Ji OL —9 

,n ©Li ^a\yj\ MOSFET jy**y\j& ©jkll aL‘Ip (15-16) jkJl >y ,pS\* Jkio 

jjjauJj JjIaa JlilluiV) 

©^bjj .'yw? 4 j'jJ' ,ju 0J y Ojk Ujup cjb^-b JFET j ©bo]' Ji-J 

O' . jbLz^ yi J 2 ~y jJJj ^pJj obi J — ll J^l j. >• J — c tibb; ^-'yi Aijati a 

Jai (14-16) jkJl J ^ftj ob. r Jl .U—jI M,b: MOSFET 

•MOSFET o' jy**y\y J i buiw wV' 




OU jj=Styj tirMl j j£}\ :^UJl oUt 


jlc- 4iila ^Juu-a (Jjma 



5Jjlc- AAiia a ^ jma 



n ~~ JaAjll ijA <a. 


i(i) n iUs MOSFET jJ^y \jU ^y.y^ :(14-16) JiAJ 

‘(c) P MOSFET yl ^y y^C\ UU*>a /i iUa MOSFET ^^ij^»Vi y j 

.(j) /? iUS MOSFET jy~> Jjl if yy^> y *j 



.n ilia jial MOSFET jy~>y\ jil ij^JI ^WJt :(15-16) Jiifl 





JiljJt ciUojt : ^LJl 


MOSFET jjiwjjl j ^JLLc .yA UaP ^Jib jl—jjj^* ^y £>j ^p3 

* 

I/p jLJl Oj^Xj 4*bljbl ^lp E G jW^l c 3^ aj '<j-* . jlj^-b 4-4dbi ^^*c// 

/7 fiLi jjJjcJI ia-®jj dj^*r!Ai Ajaja^dl (16—16) £w*jj .ajb£>l JjPi ^ j f JtP JL_P 

i?^UA-1 Jl JaJl' J*>1>- /^4 5 LLl*-^ 1 JaJTj jj jxlJl JaJT j~*oJl A-]au]a>tl)l oliaja^Jj <j ^jSs-C .p aUj 

L*l $5 y>s~~j* aj$ y\s- J?jJaj>- Mla0.1; MOSFET olj^—^jjl yS .j—j I^jJI J—:Pb ao j—4bJl 

,4*]aA4 4 j^^*Lp -1?^Ja>- l$Jji Ji laoI; MOSFET oljjJljJ 

A1aI£1a]| <Jj)jl^]t 

objjSsjJl O^SsJ .djjb 4 JJjc« J>* jb A-5Ll^*)b ^..1*5" (ICs) AJUL^lil oljU—ll ^ lajc4 j*L— j 

(DIP) Jr 4 4 (SIP) {_ AyA> i— . /p djb—__P A-j *xbv^Sll 

aJjJI dJLfc ^pjj .dj\i5" J>r jl i (J- 4 j j^-1 4-4bi^4 (_£ Jaxj jJL_j . 4jhJz+~ _ ll 

jl Ojii* OjLp aL-I^iII Ojlwd! ^ja^iap^xll j^Jl .T.O OL^-S/1 y 


Ja*J (j 4jJ^« jl ^j^C 

.aLpI^ jjll>«-4 <ub5" £4 J.)a7.~4 


obAPjJwait AiilSvll oljlJllb AijU-4 iJbr djbws Al^lSidl oljU-ll Sj g->r'j ^_Jaj jj 

J y*u£ L^Jp IjLarj ^iS^l oljb ^Lj oljljJl ^lJj>«^b .5-Lya <L* 

^4 jiS^l 4 - 4 JLAI 4 oljJ^i ob QjJuifi ol y t^i-LUb .AJUaubil obj ^ll _ 4 a JjlX* 

.l^-btl^o L-i^P cJb" ^llj JJj jH\ J ^11 JjS/1 ol y ^-^ll 

D D 




. Jj j*lill iaAij n oba MOSFET jj j*j (I) :(6-16) Jiilt 
. jhjjjull Joaoj p slja MOSFET j^j (^j) 

AaAp Ap juk 

^c-o^jJ iLJb lJj>r OjJw3 aJULxiII ojIjlII j 3 ob j^i.1 aJlpIjlII o*!^ ^Jl j j SsJ 

JUil 015" U15" .ajT c^*J ap j ~J 1 tAP^^-o A-Jb^53l cMjLill Jiu" .aJIp oIp ^ ■ JjJL O' 





( j^a a£\ Ul5j dJL >-y j£\ C^L U p jl4j ( J>U Lois - * l)S:->-A it J **]J *- 

.oJLiitil oUfU jL4^f ^>JLUit 

A *sii\ i4 5jJfl CjUUalt 

jU*j .AlyaAllI oLij^A .1 oli oIjIjJL 4jjli* Aja-i^xv* ajJJ L*>j^P aL*ISvU ol J-A ll ) ^Jii.^.^ 7 

l/* <J^ ojtUr jU ICs JV"^ .oljjljaJl Jl>- j l«l* jJ_Ji 

c-»lJj»ll J§ J-s<a^ J£\U.J j*~&ij aSUaJI dJJi Jujj .aImaaAI oU oljb ry* lAtiil^* 

. ^J>*b wiJ y^ $$ jJl Ul j£-^ LAjI y>~ ^IaTjI Otujij 

*AW 

gJi AjU j£lu flJbtU apU j£j 5:>lp Jit ICs fJbW-J £_Jl pja: .l l JL_.iU jl 

cIC <jj^Jw5> j^w? a)j jJC* <LjLp!jJi o'^U jJl A^““ jS/ Ulp uJJi .Al^AlLll Ol)jS^ii _j 

.Jit JUM JJ <JU ^1 Jjjt4 . jU' J y*-* jt JSHjJl £lc ^JJlj 

.<J^>jJL>- JLp olf .1 ^>rj a!?Uj oU-t i._JlJL£j IC U-jJ^^j _i>J 

l$Pj—ij tAjjJUl IC a)L~* J* A^Uj JCs JU {j* j jU pJUl «XuU 

ICs c£oljijjl oUjJ ^C-XiU ^UJl aJIj^ A-^l>- olJL*> .3 Jj-b*- dJ-U j J-S^JJ 

.aJjUI AiliJL j o a* j^>x_L» 

ALmjIaA (litjtdlt fUu 

(j OJL^- (^Jullij «JL>“ ^Jp J5" ICs J550 . aJz^ jlll iS^ljljJl fibj (j Ai— j jJ-i IC 0 J 3 I 4 p )&y 

^Jb»xlwMj t—ijU& li JT *' 4 (j (.Ailjajl jl ijljJl A?-J 1 5^j J rtjU-Jl A?-J- 1 

/^JT . ^UaJl Jj Jiii-1 (0^3 A3Usj) (_J-i y* A^Lv- A^-jji.1 C^»l 

•u^ Cr*j j ^JbAl«-^JLi j*UaJl AjUaJI 



J^Jlo aJLl-I AJli /^P AU^rt lit iJL^r 


a^aIi)I 0 j^>j ,Ojjyia]\ Jup JviaJI P 

Ali J d^j^ry* Aj^A-^n UP 
J**j*jl p.yg aJI AfljfljL* jjJL>* JFET . 1 

. ijOi (a) 

.Aj^JJ** A>- (b) 





JitjJt Just : ^At-Jl 


■u^ (C) 

• »bUl ijj \J (jW ( »JJ4 V (d) 
JFET 3 ^voj L*jup .2 

.dULH 5 jcw- ibjJ (a) 

.oLlaJI 4jc*- (b) 

. Jil jSLiu 'jLj dLiJl JJLj (c) 

.jS* 1 J^Jiu IjLj dLiil ( JiU (d) 

jJb A.y\*a\\ c3 _ t-^2 O j ^1 jj^>\ *1 .3 

“ 'it -*Ul 4js> jJa djh J oJb-^Jl LijL-o* oJUP jLlJl JVJ ^V 2 J c£-Ul :>:> jA\ 

.^uVt ^UJI (a) 

.iLytP j]\ (b) 

.UJI ( Jaxll (c) 

.(gain bandwidth product) J*j* (d) 
f .Hz 1,000 £L ssj 2 > 16.0 <3 ^Lf jJ <3 jLdt ^ 4 —j .4 

3 ^>* 4*1p J*a£ jW*4 ^ .kHz 600 l^iJt ^Jaail J—i-t^ 

?MHz 75 >41 

11.3 (a) 
16.0 (b) 
22.6 (c) 

,oU« jj» J* aJajJ- ^ (d) 
t^uVt oW'blLj Jij Jjj-U p—n 51*3_jJt J 5 .5 

<s *» 

.L^a<ww»* L^jI^ 7 ^ ^jA \ a - 1 ^j (a) 

ojLp 4j( b) 

<» 

. 7 ? <hUJJ UL£l 4j p ^ oilLi j ^3 (c) 

.oapULU LjL£| lj y>xJ^ £-«kj*fci! (d) 

JJj*lll Ja^J jlpr .6 

. yup jL^-Vl <J5 (a) 

.^Lil aJU- J p-n j)\ 01*~up J-yoil j£-iu (b) 

.a-JiaJI 131 3U:.:^I ia^ jt$j£ ^JlJL^l (c) 



c«.b 


.d*^l l£ 3 b {jit V (d) 

^Js* objj^Jl djjh f tV 0.60 JSnJ ^L*MI j^j>- ^SvJl _^ obj_.o b_^ .7 

?t^ b T^dJ ^«L*Sn .A^*r j-A L* ,<u«jaj dl^'b/lj p—vi o*)b>^Jl ^7^ 4-^- _yidl 

0.60 V (a) 
0.10 V (b) 
3.60 V (c) 

.oU j\A\ dJiA dJbJi^ ^ (d) 

JFET 3 *—3jwivail jL-Ai .8 

.USb JjL> (a) 
.SLaJL (b) 
.jLinn'Vt iiiajj:. (c) 

.Lf Jii, V (d) 

.jywiil Ol Jjd\ iJ3ji UJ CS- jU j^L^alS' pnp jy^jh ^ u>1 ^s. .9 
* * 

jLJ 3 £-liS*^ dJjpLill jLJ 3 (£l) 

.A g j 3 (b) 

.dwLpLdJi ^Aj 3 ^3 (c) 

. l 3 j «, ral l jbi 3 ®oljixj oAplaJi J^j»r 3 (d) 

l)U IjoM c4jU*>UI Jl ^bjj b**s^P ojbrJw* 4. <)■? all JJ—Yl 41*^^ 0 L*Ujl—P.10 

<1^? ^Jl 

.JiUT (a) 


.4>jUL*5" 


(b) 


(d) 





37 j* ssi <55 wju1i o.jL^-MI iJu^ jj p ^ 2 ; Si J,i j ^ V 

# x J| ( ^ Wh '"to” < »,',>? t 

Aj y**S|l f J-Aj ^LjJ 0^£j jS JZaAj .c-jL^Jl 4 jU J 4j y*-S(l jl Uip t3* g >«,... ^ 

• '. i 0S£ 'i ''.££ ?• 

b] c£ j *-S ®_/• jU^^fS (C~UJ ^ihSlcj tijy*-S/l ^ ^SJLj jL—i>-^fl jJ-CJuii—S J,jV^ *j~~^ Q 


p ¥ : c g?.fr\fi 

0^0 Oy liJ Uij . 1 

.1 yw? c£jL~j dc ®jS^ J$ c?S <j ^y$A-S ^j-fc^ ($) 

. 4ypUajL*w'yI ^1 p -fix* -L^^rl A^Lk^Lk**j dc (3 

- " * gli^plfi 

. jUxIl ^lp L*^**X* J-gjirl L?jS— 0 A^PyJj dc djta (3 ^UaJU^Vl (C) 

.^•jlill ^Ip o j~JL* apLUi^V' c£jt~o dc ®jb c£l j ^d) 

# " ’ # “ riy^hhvLb 

.^Ual*^! ^Js- L« y~AA a^jIaII *j jA <_£jL*o aJi~JL-J dc ®jS^ <_£' <j «X$jM (6) ' 

- - ipsif I?Jllfiii 

CjLaS lij .dc y 4 ^V*- 4 A^*^ Ifci y aaJ y* aJ jSs-* <J\jA 51 yj Aa1>- 

aS" yM 5jiJU cA^aj jLiSl ^ L-U> 3iU-i 
.iiLJi <~j}\ gj Jl J|||§j (a) 
.u^l J! JMS (b) 


l_il>U>l AJU if 


.y^%iU(a) 



cL^.laUllj c-jUi 


. 1 jL-o L^jiUJ (c) 

• 1 Cj* (d) 

.Jjili (^f lA C)j£i ot (e) 

oLx>- aJULJI .4 

•fA 1 (a) 

.jljliJl (b) 

•*>> (C) 
.J-U.-JI (d) 

(e) 

<Jj j\ jej£\ .mA 10 Jl jLjJ' t*i* f <mA 100 dc jl*» *J>JU <—it — -jS .5 

cJdii ^J^-b 5 -Li 0 } . ^-sA 

■jaA 5 ^ (a) 

‘U-aII ^ <jliL> 1 ^-voJ (b) 

. JjSn s^iil ^ tflib 10 (C) 

.<jjSn d^iii ciu-^i 10 (d) 

,oL*jLiil «Aj jil L>.aJ |i bj dJuJJZ- L^lc y J,l (C) 

Ajjljlil A^yja^U A^jUalii aJJjcLI ^j\ fl .,<a j i rj» U¥. 4***^ jb (Ob <_£C*-aj bl .6 

.^jLL^aJl £*Ja-^> A>-L^» (bb^j ^>bj 5 ( 3 ) 

.,all £t)a^ A>-1 + a+a objj j +*£ (b) 

A^L~^ objj (C) 

.^j U , ^a jl ^ip Jjjalt A^irl (d) 

^3kAlll jLilSi ^Jp 1 (C) 

JL^-I L* .V - 5.00 4 -JU-Jl a*JLI 1 ji^- tV + 10.0 ajl*** ac a?t ji a-^- jil a*_aJ! ^JL> .7 

V + 5.00 (a) 

V 5.00 (b) 

V - 5.00 (c) 

V 15.0 (d) 

.c^L*jJUil oJift ^jj» ajL^>- ^Ji N (e) 



utdt uUl 


?<Ub Jjj dl y Ojw?j bl vjJU ^j^JjiJlJJL^ bL* .8 

(a) 

•*—* ts 5 ^ (b) 

•u^- ( c ) 

" * 

.aji\ Js- bL^pl lJ ak j jl jIjjj -Ai (d) 

• V* f V (e) 

</' 9 
(a) 

u-s^ (b) 

•</*j (C) 

( d ) 

.J&> (e) 

jijb jwuo 

JsLtJ jij (a) 

.{.\jj^JJ ^l-Un>* *>blj ol (b) 

.AJlji <_£y (j oli yjjJl (j- 4 <d (c) 

.AjIjS {j£y (j oljjjlJt (d) 

.AJlji <s y & oUjy^J^jl ^ jjJtail <d (e) 

4*^ jJ> JSLio (o yJrl jf "aJL^jJI Ijjjjty ^^.11 

.4^3jS/' £j^Jl (a) 

. jL~j^n Ay* J gJ ji>- (b) 

<J^>- c—.(c) 

.iljLJlj c-3-ii (d) 

cJdll yauy£ y> b .MHz 2.00 ^jJ' <j flH 10.0 cSjl~u 3J1y> Slyj cJJL* yajy£ of 0 ^j—sil. 12 

?MHz 4.00 Ji z *yJl U^Ua; bl w] 

^H 10.0 (a) 

jiH 20.0 (b) 

^iH 5.00 (c) 




js- .mA 100 


pH 40.0 (d) 
pH 2.50 (e) 

J| .GHz 0.045 J Or y y 13 

•Hz 45 (a) 

•Hz 450 (b) 
.kHz 45 (c) 
.kHz 450 (d) 

Js- J%A\ ac AS y o >\jy. 14 

(a) 

(b) 

.Ap-jIaa OjIJlS"" (C) 
.5jj-vai> (d) 

•**•*$' (e) 

y AjJLinJl 4j«jL*Al jjfCzji.15 

. 4jLp\jS^» j 4 j»jUU (a) 

. 4^11* j iJilj (b) 

( C ) 

(d) 

. 4jc**j <Jjti (e) 

J IIjU JjLjj 220 Ojli*.16 

•kV 22 (a) 

•V 2.2 (b) 

• V 22.0 (c) 

.V 0.22 (d) 

. cjL*^J ull d jjb (e) 

UjU.17 

d^lp*^ sJLU (a) 

(b) 



oUl jUsil 


M p-n <L>_* y' t ydt (Jaj' j>. t*-Lp dc -dy (c) 

fi 

-Lp (d) 
.Jnpr + )a^S a*XJ-« (e) 

4j^JU jijdl iibS" jP j^xiJl J&L.18 

Jap- (a) 

JaP- (b) 
•£> -la*- (C) 

. ^llb Ja*- (d) 

ajj ^t;.^ L*Jlip <ulf- J ya^-\ jt^wadJ AJ*= liL* c^-ddl ^ SbJ .»ytjdl ij.19 

?>>-> J^' 

• Jb ji (a) 

^ aju^ A^-yiJ jj (b) 

•jsA>^ (c) 

(d) 

fi 

.UL* Jtj-vsaj yl*aJl (Jl u ^\^i (e) 

£>Jl J* oUjUll.20 

.dl^ vaw i £-4 ^j ( a ) 

.J~jL~i)I l? 1p oU^-JLST 1 g ^t; ^4 (b) 

^1P < jaj J>*^\ \ £*/3* l (C) 

. d«X?“ ^^^Ip Cj^ ^J^aju ybJl ■«*>) 4 j 

.a~L>- ^lp a^UL* ^jp >Jl «jJ-i!i ( j^4 4_o<k5lll Lgjc^ j -M (e) 

,^'bi «p« jy^y'y • jbj 5-slaii' ^bl pnp j_y-y'y Sjb ^ b«U- U*)b*4 JSOj JbJl j—* (^1 .21 

.Sikitf- JJt-ioJl obi j (a) 

.4a \s£- jLi]I 4j^tL*- 4 COl j~Li (b) 

. 4JpIa*JJ 4*mS'\jCL» UaLcf dJ^?rSn yo (C) 
.AaLP- oUJlP Jp j*j (d) 

.k^S'\ja» fijAijl oLjai (e) 

^^prj laIjUz^ 4a>t^ 1I UiLl^Lilj i4ijliao* ac (jjbil jp 4AiT <5jj Ijij uJL>l j _b' .22 



OUjy^tj tjrU ujUi 




01 .j^jaJi (Jj ^jlJflj 1 ^ L*£> 1 <jl L*/2 j1 1 .AuA* y^l 4 . ^ jl 1 | 4j^Lm»w* 4-J1^mJ| 4**jtil 

yfc A*S^jil OjLi^U 4^kjijl—^ 1 —A^jail ^jA -LgJrl 01 ilXli ^jA £til *~j 
,d*X>- ^Lp djLi»^ A^jiil —^1 — 4**jaJl ^jA t, ^•-/i (*0 

,dJj>- ^1-P °j^'i A**j 01—(^i — A-* j^1 {j* *-^-$-^rl <wfl »A j (b) 

^ J* SjLil j£i uiJl-Jl-UiJt ^ J^r\ 1.414 (c) 

,3jj>- ^Lp oj^i <u^a]1 ^ wtgJrl 2.828 (d) 

^ (e) 

{ J^ JFET <j dLiil x*sm .23 

.4jI^ JLpr (a) 
.oJLpUJI jLj (b) 

.bill j jJaiJl (C) 

.l~i (d) 
jW> (e) 

^ ac y VI a*~J 1 .24 
. AJyt* <Ll^J 4 J 2 J- Jj d^JL>u>* jl 4 -^UL* (a) 

.L»Lc 41a&\ apt ^il c^i /jA ^wLp ^ 4j»-^JI Ja-xyz» (b) 

# 

.4»*jLii c3l>w 9| 0.707 yj-fij yjL*j (c) 

<0 

.^uJLil 4 a~* <_31jw? 1 1.414 Lj y£ iSj b-J (d) 

•u-'j 11 Jjy- ^ (e) 

V ‘b^l j .25 

. dljjJl L-ilil <J 5 Iziy* jLkl jblJl ■ ^ ** **j 

* J ijh (b) 

If 

,^bzil Lw«^*^Cp dyi <>- ■ *a bii 

. ^gx^JaJjdl <ji Jzjl Jaylaj*- j j^3 (d) 

.Jajb JU>-lj iwjai wL>t^j (e) 

(FET) job ( E—B ) oJLpli 51^j jUo Ujllp <j^jl£ ISU .26 

.j*S" jL; jiaz» (a) 

. Jli* FET 0 j£i (b) 

* 

.1 yL/? < 1 pU 1 I j(c) 





. (Axlali) JjJLj j» ., O^S' jl^ri (d) 

. E—B FET j_js—■ j>\y -k’s’jd 'bl W *V J'j-* <jj (e) 


olii;UalA j Sjiiiitf- y 0i--^l>- o^r' g ., A*iiaj aSjj <—4 y ^Lij \ { J&j ~*' .27 

jl ^■ .:. ; .., i .jj]aJI 

. 0 ° j >31 Sij'J (a) 


.180° j^JliijIj (b) 


.+90° j>3l iij'J ( c ) 


.-90° j>Jl a*jlj (d) 
.W J* Xjjl\ (e) 

^AjL^Jl ^1 p 1 ^ i| 1 ^ ^ pF 110 ^ g .* A*-*' ol«i^L« *^-.* hk ' .28 

•pF 20 (a) 

■pF 100 (b) 

•pF 500 (c) 

.JJ yh\ ^Js- JLoJ (d) 

. a*Jrl ^ (e) 

L* ( J^*U _jij^J.1 |»;■»•<«' c?_r >r *-*500 a^Lj? ooJ_>- ' j— £Lu> .29 

Aj-LaaJ' \gTAtb? a j'-b ^>L>r 

•j 500 + 0 (a) 

■j 500 - 0 (b) 

.j 400 + 300 (c) 

•j 400 - 300 (d) 
j0 + 500 (e) 

100 l<-> i^J ^Lj ,J^L~Jl ^Lp aJ yay oUjli* ^jl f .30 

.mA 10.0 Ai«-i AjljJl ^ ^*. 3 c'_.jill *- * ^Ip v 6.00 aj^U-ij (*^ .aJ^^-^ 

?5Ja* jUll 3^J ^ U 

fj! 300 (a) 
f jl 600 (b) 

f ji 900 (c) 

CJ> 1,200 (d) 
,ot*^JUil oJla rj* (e) 




j lar ~kiil Jsi ,j £.Jl jjTSfl JL^I .31 

■^jy^y''y y-A* (a) 
.4 jl~JI — (J,Lp iS j c^ULj j^UaJ (b) 

Us ^f* a* f ( c ) 

. 4j j i_. 1 .irgll y^\ 431 y ** (d) 

* t. * *. 

.iJbl 1 ^-IpxIvww* JajjJlJl JI*j ^ Ijf (^1 (C) 

WUlScil oljlJJl ob^ rc/j J JU! ^ .32 

. 4 ^aib»xiLt o jJLaJI oLl]ai* (a) 

. OjllxkAi ^b) 

J *-**^ 1 (c) 

.SJL^alt 4 J(d) 

•Modular construction (e) 

?jj_/> jL&b y* U .rad/s 450 ac kr_>i jl^il a ji!l .33 

kHz 0.716 (a) 
kHz 0.450 (b) 
kHz 0.0716 (c) 
kHz 71.6 (d) 
kHz 2,830 (e) 
> 0^.34 
.jLJl 4j >jUil jJcj (a) 

.L^UI ojb>w \a j j>*3 L*JUP p—fl 4L^>jJl JJLJ *)l (b) 

x t 

. ^ <V ll J, ^ 4 a**<JI (c) 

jLxil ^Lp *\^sju (d) 

.V 0.3 (e) 

tf 

jljJLC. Lj ji .J — l* L»J^U tjjJaJb ij^S'[ aIa jLfljlial^ jl33 JS ji j^o L*_Lp .35 

.Olplj 0.785 (a) 
.OWj 1.57 (b) 
.OLolj 3.14 (c) 

.Otolj 6.28 (d) 



ytiJi vM' 


.ol *ja Jbjil fjJu j£ (1 'ij U-b-b2 'j (e) 
Ajjji*Jl A*jl»i! —70 4ilplji» <u-ij f j' 50 0 A_Lj .36 

• 7 70 + 50 (a) 

■770 - 50 (b) 

• 7 70 + 50- (c) 

•770 - 50- (d) 


.ol*ji*il ^jA Jbjil j J- L/kAjJLai (C) 

Aplja~.il JjS/l ^Lyail j JLLf^w .V—12.0 AjjUaj £-* ^yidl ^jlp A-Sa—?7Aj C■ I .37 
^Jtill j-l^l d±£L~>j iW 15.0 UjlAi. APlla^l ^lill c L^il cW 5.00 UjIjl-^U 

? 7 Jliil J-M.I J jlil jUl jA U .w 20.0 UjLbU APila^l 

mA 139 (a) 
.mA 600 (b) 

•A 1.67 (c) 

•A 7.20 (d) 


oJLa y 4jL*o- i (e) 

* t > * * 

sJslaj c^£5*3 Llt~-j IJL* 4jlcw JFET y (3 .38 


, A*** ) L* Js X jij dLijojl 

.jLJl SLiSi JaJ N (b) 
.Lijiv^« ^->waxJl ^waj (c) 


.^LJ^l *JLL (d) 

# / 

. 1 L jLv* Ilj .^aj (e) 

4 jj^o jLjfc'y 1 J-^?r y J**p\ dC *^-g-s*r L—(3 -39 

* 

.1 p-n *JU=>jJl <3 (a) 

.Ui;y p-n <JU>jJl j jLJi (b) 

.« y oilil p y oU.1 ^ (C) 

.p Ja^ojJl j> o^lil Jl ft oil! y J3JU (d) 

j olij(C) 

ol y 4225° Y ji X 4^-^il 0^ c->j>>-l lij .40 

.135°_h y j*\s (a) 



J tiu-JxAt J Ltb t >-»Ui 


.45° — j*y (b) 

.45° —j y os-jit -ui J X (c) 

.jjU b Y Or>lj JiT or>l (d) 

Ollailji* Y *>• jit J X Asr jil (e) 

JjLi* ■>_pf j ^jp Uijt L y3^al .J.J L - - JI Jp oU »iiyS iJ^j f * —(j^*j—**' -41 

oLi>ij-* aj^)C L*»jI ^S- .kHz 500 s> JS\ -up y’300 + 0 ojli* *Lul J^S” —j_j 

L« ■ L^u*jLi* I(_5l ‘ Jli» ^|>Lj klJLL. 4P.-o\j#L« ^p SjLp 

?kHz 500 JiyJt -up LLJLj Jj-=_jil S"ydJ 

./100 + 0 (a) 

•7100 - 0 (b) 
y'900 + 0 (c) 
y900 - 0 (d) 

.Ol*jl*l\ ^ja Jjjil ASjJAA &JS 4j-Xa*J| 4juL«J.1 <XjOA (e) 

Rlfj- jLL.j icJ j* E az>J emf s'jy Lfri j i jw«I I «jl-UU jU L$J y*. dc «jb J—£ .42 

?id»U UJbil .P olb-ull iplku-Vl 

P = I 2 R (a) 


E = IR (b) 

R = E/I (c) 

P = £ 2 /R (d) 

I = ER (e) 

liJl i|iA 10.0 ■ u Jaiil ^5 Uj jyu*ylyo rms ac C H -J ®J^! jlJ £4—i -43 

?rms ac rp Sjlil j4 : jp b kHz 100 

mA 10.0 (a) 

yiA 10.0 (b) 

(iA 0.100 (c) 

^iA 0.00100 (d) 

,c>L*jLdl ^jA -ujit as^a op V (c) 

^jAy -Up j aj jUa^j jup Q 144 7" I ....a ^j V - 12 ajjUsj ^ a!*~—j dc ®jb 4_)£uJ .44 

oJJU^Jl ipUaUw'^fl jl-Xi* p L. .^\...., <aU 

mW 83 (a) 



ytelt oUl 


W 1.0 (b) 

W 12 (c) 
kW 1.7 (d) 
kW 21 (e) 
ac y t) .45 

.^T j5Lij jys- oUL s- (a) 

.<^1 iJL- p 1 ;yaTj CC-jIj JjbtC. <L>L£J 4jtwJl (b) 

.^T ^£5""1 ^w3) j cC-jb A*JLv*» 4jcmJ1 (C) 

# I* 

. C-jIj JjLitC. b\j£jj LL* 4 ju*J| joCj (d) 
.^->L^jt^T ^>rjll jSvJtJ! jj-j (e) 

Ui 43^soil OjUil 4 juLJiI Uiajt JUj .46 

.iliU ^ (a) 

(b) 

> (C) 
.UpU; ^ (d) 

.43^ 4JLJ£ (e) 

43^3 4**^ ac 4^-4ja^jiLl 4 jc«J 1 .47 
. Itf) <U_aJl 4 jcw*< (a) 

. Lj jAj 4^jiJi 4*~* cJ^Uu^ 0.707 j j-4j (b) 

.Lj^ ir 4jS^ 4 *—Jl 0.707 (c) 

,4*JiJl — Jj — 4*JaJi ^y> 4jCwJl cJ^Uu^i 0.707 (d) 

•>■* ( e ) 

ac JJ 4-SwlSLll 4^^Ul 4iUaJl j!ui ^ju .48 

V 1 ^ 1 "V^ (a) 

.4a-^jJ\j (b) 

.^b (c) 

(d) 

(e) 

0^* <3 xp ^11 jm.49 



k*llj t tb jgi t : jlill oUl 


.(jijJl SiliSl; (a) 

. (b) 

,-lpUaJl Jib (c) 

.JiiUt Jib (d) 

Sy*a Jb (e) 

JJl.50 

•s-*-Ji j* j»Oi (a) 

.i_JbJl Jl y (3*-^! (b) 

. 4_jlll (JjI^aJI (Jj b ££ (c) 

.ijjil oljbJl J jUi ot V (d) 

. A-jLiib jj^^fb ^bL (e) 



iLttll uU! 









4a 


l <J$j 4jL>( jf .Ol>r <3j^-£ 0 

j^j“$.L^ai *l*-jl J- 4 ^ <j JT ■ A,l.rtll fL~*-S/l (Jj t^jjl j-Jl <j _} toljl—<Jl 


Ua-^J ,Jj If ( JS^ Ja-«j (^5 v_jLp _)-*-rf L»-* i j a SmX 

iii^ .^fiuii- § 





•« J* 

4j aU^>- _U _jiL- Jjlj <5" jjJb £*}&* '-'d# 

iSISl® 

UjjiJlS" J *ijJllI j 

ji>. 

l^J_P £t-A1j L*-Llp 0 

iiJs ^jlpf j J ^r“ t^'y 1 jV J* j) f-s~* '—-^ u* 

(j^' ji j* ^ t/vJ* ^ 

J'jij tLj' ji* 

<J'A> -A*i||»| 

c-i_j J M>«Ul :• 

, \ 

sJZ Juw ijUjill yj •« 
w>jldl jLdJ JiUl fjjuft JU*-. • 

w^ * 






yjllj tfcUaidtj :cJlill <—^Ul 


<-*iJj£i&\ tiji J^b J> j ^J| JiU • 

J~i (►£ ,>* ^r J ^'-> ~ • 

tjjjJlj 4j>r jil **3 j Jf-Ji ^ air lit .yyt ^t ^ irt^t j*J ^>t ^t> o! 

*> 

oj^lj A>- jilj t4j>r^il jj^aJ <._.g^ii jLS^ lil .Ajt*JaJt ajj^aJU L*jL 2» ^*3 ciJJui caij__ 

.0 jj^iaJlj 


A-uij-JaII Jj£ 

$.lil jSLiJj .14 U>L>ijl ^jJaiwJ ^)l dJLL> 14 ^S3i Ja*-«—^ OJ 

Jo L» jL*Jl yaJ\ .*^l?UJl ^Js- cJ jA bl I^pUjIj ®y ^ . Jli* J**a—il 

(* ^ 

3 OjfcS* bll^ t Ll3 ^y L*.-*!* tC*>Ua«*Mj c3jyxjl ^lyL cL^LpLx 33* 0j«5j ^cjj\.« )i 

tc£y*l 0L?-l 3 *b*jL*j oL?-Vi yaju 3 AjL-w* ij^Sj bllj i<_£ j>~\ Oly-t 3 a jiA-^J jlySfl y—*-> 

oL?-Sl\ y*> 3 3 lilij tjL-iJi y ^Ij {S y ^ Oly-t 3 j <—*<y ob^-V' <y*j <3 3 ^" bl—i 

.L^»^JU iiy*-lJ y*l jL^I (Jj jjl el>T^ 

JliJl J-fi-aj aSL*’*' y\y jl aS’Jj 3 oU^?- t4J ^ 100,000 J-—* ^ J-—£ 

c4jLjL>JJ LLilS" ii^Ji OjS\j c)t «wO~ .yc**! jS3io ^y C->Ury3l 

Mil <uiij coU?b J >\j 5 jlpL*j:. s-LJjiJl l^.la.>- ^Ji c->lil^S^^/lj 4Jjli-* <u—SOj 

.^^L. 


A jnijll j^' %)yH\ 

j^S3l ^jjU 5l^ o .4-SlL-tAJl o^>rf UjJ ^Jl (EM) J j — S3-L j — So 

c4-Cwi3 LJ j£ jl .Jaii o^y^ai o^LaJ j^S3l lJUb ^ L^ai^ Aj jJi 3 J *A> JjiJ-' oi-A jl 4 j jjjJl 

.Ejyr «L>- 10 8 x 2 AJjjjiJLJl ^-*1 jJl lL~> yj jjUo ^ 

<ia^ljj o^S^V* o^**^ ^JwaJ Lil .AjyJhJl oAJjjjillil ^\j—A}\ Lt—J ^ 

Lc.j . Ja*«yo* 3 y- a^3-I a^sL>* I 

ciili 015^ .(j y^t j»y4 Jy- ci y*' yy yi j— *S/i oJj— ; 

.U^[l jLiJ |I bJVi cJ-sA^: 

AjjjbJl ^ly»i 

jrly^b y*-^ L*Lc tL4 ^.L^mJl JLij *Lu3lJrl^fyf$y-y f.L3jtSl y. — *j jlai—*j 

jjlj ^Oij 3 o-*a>-4j y ajy (^JSjytU j J*S\ ol ^Js- ycj hJ&j X>ry .ajyS^Jlj djotyaJl 

.^|y«jdj ^jjli jdr jyS^ <L>- ^il oj-A 



4jt j^\ j*\ :jJLf- ^LJl J-AiJl 


£-***jl> ipLfl3 3 ^-^->«-•>- ^Ip y? J- 4 4jlHj £jiL yP OjLp UjJjIIaj y* |« ^ 

Lftly ij) Li^ 1 lilJ 4l ' t ^ ^ 1 ^ 

..iLnjS/t 4*pb j A*o3-l ^4 j3 OSl Chf <jl^*L L^Ij Jj *_tr.,^ 1 )j llUpL 

ALilSJI £l jJtft 

OLc.j . LpLl^ yj l) j^.i;^ii ^ilS* ^\ jV^l <—■> ^y, s-lll ^1 p L)j3j—3l ^ 1^ 

JL>-1 3 4j>rji 4j jIp 4P y*-£: y* kjprj tSj\^ j Aa^*jl 4 pill ^lp y3-yii 3l 4-A-jJlj 4-L*l^Jl A^r jil 

jjp OjLp yft3 (3 ^i-^l^il A^rjil .J^L-i 3 yLftjSl ^Lft-lJl ^J^L—-ii j .* 

.jJUP ( J-%ajjJl ^y* ^1 y*SH y/* Ja-*-Jl lift £JCj Uj . <***4-1 4^rjib Lydut ^pJb (J^ 1 - 1 - 4 

H) .*1 ^... *34 yLl L)U 4 ^—*34 ^^LilL) 1 *XjI ^1 ^yx>vJi-J Ait* ;lb —>- 

^—34 . J^-lj < y*-y* J3 y3l jfy <ij . 7 ^1* ^—34 cy^' Is^i 

£}y \ y ^ y^ £jh~“~~ j ^-y J^> 3 *j-*3i _£y ^i y^U. ^ y^ 3 -* 3^ 

. Ja3j y*y J> 3 «UaJl y<- >£3l Uuj jTy <i^f tLr J 7 UliJjl oJrjll *0*pl Ja3l 
131 L^jI^ jL-ll j_J-^ fll'lJ A**3rl ^J-v ^ - ^ l 3 C^j -^ 

|J* (^*P^C* CjLull il^lj ^ts*'j ^ **>^l j»li] (1 < j l^r jLj>l ^jlj> -JwLP ( ^ ^ ip^f 1 ... 4 Aj il 

oj> jL«JLJ JjLj ^ i^ clJULij ^ i<Pj **Jl .ib jj ^ t<jyk_Jl ftL^-L> ( J1 ij ^ 4 _J ^ iti>L—iJ 

Lit jj\ .oLj aj j%_^?xJJ SJbtail & jl-l i) j£j .^j*^jlS ^ tUftL^J ^ laipj*h _j ^ 4 (-£j—>-t 

L/*y l^'3 4<^iL ^_o ,/i > 180° a\j\^ cSy^ u*y ls^ y*'—*y*~~t .^>^L d jj-^ (Jj—*-c. ->- 

1 ° a\^> i£y\s yy t^Jlj 1/8 45° <dj\e yj* (_ 5 ^J 4oIj 90° 

.3607s CjijJl ip^Jl OL y. L^il jt ^JUJl J y~> 1/360 JT 

iLibl y^\ y*S- ^1 J* 2 ^ Cr*^ p-*-° 5 ' y <y* j kii-»t y>ys\ 

y£ y*(* “ k ~ , ' * t ^ ojjjJl 1 dl^L ^jJoi**1.\j tjL-3l dL^-L ^J?\ll C)^sj * 11 

dyljJl A>r ^Ll d-Lft <Jy^ ^Ip cjl>1?tj>aJI ^Ll.^ 1 ^*^jr .a***>- 

.((1-17) 

JjiiaJl ^.|aI^-o ^ .0jSOl ^Urjt 4315^ 3 <JaJ£ l?y^ ^y 5 **^ tAiLJl 4 j ylJlJl <5" j4-\ OJul 

0^jJ j jl dl^-Nl J Lai L^iUjI jl dJL^r jl ll>LJ 3*1 APJ*- Jji>r ^ - 4r\ j jJ j (_^J ll 

55^jl-1 .jl j 7-1 AiUaJl 1>*1 j V Lili tiiiSsJl iiy*xlJ LlL>- 4 Ai:.«>ll t -j\ j ,U^- 

4 

,3j yl-Jl 4^jl-l ^ .~? r yjJa /y J-ia^l U.-Lvy ^ ,1 Jaj . aJIL* a 5"y~ ^ft A^Jalll Ajj _?ljjl 

l * 

-4-?yr <>ry ^LLj^I J*—3*1 jj jJJ y J-Lajl Aij3^ '^ 3r y 7 . Ljajl (^U> (jy^- 4 y* 






•^j2b a£ 




ajxjjLujVI 

A^s-jii Jjb .aJsijI^ j <iJb^ OlS" Ij? £y*~ ^ 

Or^ll oljji iJLP JJ^x// . jl^>S/b ^-Ujj . Jv Cf^r y <d^ L^ 2 ^ L^H >* 

^ .Jjykb j! oliib Ol^jdt 'J^ dJ&-j (J a ~r*- 4 4aA> ^ ^ j' ^ ^ 

y* l*^ajM aJu* ji .A-Jlilb jli*S/t> j .Ja-^yi 3 <^>i Ji*p \fl Jliil ^ jLi—zVl 

<? 

a 5%J! oJu* <j Stfilji* oiJb-j yjb^*l .->->^6 djb —(I :^hj\j — 

li j jSs-J 


jUiiSVt ^j<uij 4Aaja 1I Jjlaj *JJj3llj fcjjilt 


4j*- ji! 01 . Laoi j j> OA?Jl 


JA ^Jj Ory.1 Jji Jp 0L?-Sfi Jam. d J* 

Ai^yaJl jyju cL*>ljj .(jj yklj) f 33 J&\ ^Jaa y T 


f= i /T=r l 



hr jit jAt jb : jJLp £»t-Jl 


T= 1//=/' 

• S 60 L*jjJ 0i» i(Hz Vm) JJ jJ' OIS” ISI .s 1 U jjj O^i tHz 1 JJ y OIS' lit 

.UJj 60 jf s 3,600 jj-O' 0^» i(Hz V 3600 ) J ^'—■jj> d' 'M 

I^bll jSLiJl C jLiliVI <f-j^J A, 4»r_jll J jhu i*r j_}J JidjJ 

* * 

Lv»Lj . JjyJb <JJj -* (£jb*j 43rjit (Jjb 

X = cT 

■lS jjj£ i^Jj* 

\ = c/f 
c =fk 
c = k/T 

(1-17) Um 

* * * , , 

JJjlC. j jJb 1 * — Ot^)J«AJt 4p *A'>*JLl la«^ LwwOr jj*Aj (^-iil ^ J^JaJ t • lit 

^^1L jc-ytf jit brjlt J j)aJ lit* tiJliitj djji ^ —i ^— JlJ J—S* ojjl 

?4**oaJ ^-Ull ^1 p Ui*t j* 0^ ys>\ys\ Jp c(l —17) 

(1“17) 6x 

C-Jb*" lij .hr jll Jjb XapL^al ^jLs^aJl J,! yi\ 0} .A, = c/fh~*d\ jLpVi; -A—>■ 

JOLpLyalj t^P eJwaiJ p-~Jrt jb lit J,lliljj i^jJl ^ ^1 j 4-^5^ ^JL*' b£jJS ^ 

.hr jll 

jj jifl lj) j^j 

J y& ^ijj . ^-jliJl f.J?r 4*J^aJl Jj 

aa J ^^ipt ^JLjj .(Hz 20) y jA 20 jt *jj- 5 20 J,!j>- 4 pL^ t£j-iJt ^1 ——i 

.Hz 20,000 To j-* 5^b- jbL jL«j*)[l a?!- j-JJ 

^Lj . yo]\ 4ji jJbSJj ^AJl Ja*vj^Jl ^jP j£^ljJl 4*i j^LSJj -b—^^Jl (_j>1«m 

01 .oljjyU oUjJj y J1 Uujl libi y J-^u"J {j* t — 4 » . /ai jj^I ^)! £-1 j^S/ — J ^j.^2 — <b-t 

J-^aj . jj^I J\ ^-Ij^t y jjiSy ^^ipf ^il f-j^aJl (IR) f-'£_lj—*S/1 oliij—J 

tjjyil c->U jLi^" j oUjJjjilS”* ^1 (y) L*Lp ex - " t(UV) ^Lgiw w t ^jjui l <3ji ^1 j^S/t ob ^y 
. ^il C dj-« OjJjjIj 

t(kHz) y j* jL^Jl aJUJI ol^i^ a **ji\ oiJ^-j 0j— -Ugilj JuJl ^Jbt: J 

cJJt JS" c^jL-J c(THz) jj j* tji^lj c(GHz) y y> i*~Mj c(MHz) y j* b-—itj 



:£Jbl coUl 


1 GHz - j i\ MHz = 1,000 kHzj 1 1 kHz = 1,000 Hz J-JLJl IJU j ^ 

. 1 THz = 1,000 GHz j c1,000 MHz 


fejvA Jj* 

vo** AJi^lii (*)^ 4 186,282) 1 j~* 299,792 ^p L^Li j? ap^*^ j£\ Jl 

<p^J i .5ap^ \ — i\ .m/s 10 8 x 3,00 jf km/s 300,000 J] ^->>blj oJ — 13 

oljytj (jf 4jL>-*>\Jl OjLiil) . ii j>l£\ ^ *~>r <_^f ^Jl 4.4,1 Ja.il ^— «Ja*Ji 

ap^ m/s 10 s x 3.00 ap^.J l D^i Jjl*- aL jiaJl oliLJsi J oil3j t oii3 ^ 

^->- ^jru ^j^t-jll ^Ljaa l l (3 c^jOall ap^** ^jit Ip^*-o c^Ij! t Jjbj <^1 3j0ii 

p^iii ^jP i_ ^1*^- ■ la(^ ijOii 4Pj-uJl jy^j ^Jjl 4 _P^<m-j $, jQaJt 

( J^ 700 jl^>- jf .m/s 335 ^$yu^ <j ^l^Al ^ aj j^aJl ^lj—*Sll j-£.— 

.ill> 1 ip^-o dl;^ Jiij t3iyjl j L* £* Ujup . 1 oil3 .(mi/h) apL-JI 

AJ.} . (^y2_£>«_L4 jf <Jip Oj-m^) Oj-i/ail djl JOjlJl -iib 1 AP5-1 _jil (j Oj-^aJl 

Aj jl?_^1 ^ipj tdjl ji-\ 4> (^Pj Ol1 (JjJaJi A>jl j (Jp bUjpl 4^>Ub ^>«-lll 

i> * 

.d^JLuJ Uur-r bjp m/s 335 

J iO jQa ll ^1 0" 4 ^ . 4 dljall 4jJlA0 VAP Ijbt 4* «^2g ^1 ^>S/1 AP 

i<M* ^ Ujjy» -up Ajjjjl^1 ^1^1 IkLtf .m/s 10 8 x 3.00 j* j&> Jif ap^ pill j jt ^U-^Jl 

.bU jJ Aar^Jkl C5^ fl i-k APj—bjl jJ j^L^ijJ)j\ 

(2-17) 5jlu44 

^iJL j£~\ c-Uoill (J aJ A>^>- 4j>tj> Jjla of ^^lil .m 10 ^ i^ji— J (IWI 1) 0 ?-lj 

i# )< 

Lc. tJaii m/s 10 8 x 2.00 v ^jOaJl ap^- ( *JLj Luo*- Ua—j A»jJ-l dip cJLp^ ^ tnm 500 

?4j>r^il J jlai OJl^: 13U 4JOCJ ^ ^iJl 0^ 

(2-17) J* 

TJij4lj iJ*yJLt i*-jil J y? $J&*j ^Jl i-LLJl Ja^-V 

X = c/f 

^1 bij i*->i J> .iJlJ^Ml o—* 200/300 J! AP j*j« _11 C-Oa— 

.nm 333 jf 500 nm x 200/300 JbjJrl Ja--jJl j i^-jil .aOIoij^I Ai^i j* 200/300 

!jLil>Vl AP^r^J cii a 





fcr jll jA\Je :yup £jLJt 


JL»JUP . (_^u A^^Jt A3LJ.I jl £A>r-^1 £^Ldjjl jl OjJ U&l . <*+* If 

. A>-y I ^Jl AiljaJl dibjj AJC~Jl J\ 5sj tOlj 

s * e 

j*i I (J-laiJ .A>-^il J£• L*-SsPj yi ^a b Jbj £A*~Jl b Jb aJ ydl a>- y a£LL? —*>b5 


AjLfJ lII Ay?bjJl o13*>\jl 1I Owlft J^jajf ^ C ij^J .^pijJl ^1 j^lj tIRj tUVj CX~ A*J-lj tblp A*J-I ^lp <U«jaj 

.A>-^il AilJaJ LLi.} I jJm y tL*jb cUL>-l 4jt—Jl j\I*J ^1 p d j JUXlll £"1 ^*S/I ^ip 

CjUiil jilt j (Seiche) J^VI Sjj-uaS 4 -ajI.aH cil jt ji*Vt 


I ^JaLwwO 3j> y3 - t A^jljJl C^ljljl^^l ^^P ^L^"“ (Jj- c3 ^ 

.^U^l ^^ip JjjUT, LUkij AJL?r j4>^.«AS! Of fcllb Jal^- t_0«,<a') jf $.llb J?l-5— 

yp _lail>. .(^j>-lj c^jP-l A*i^ ^ tdjocy^ Ajtii till Japl .AJb 2 jl 1 ^JLj jjJb aj-A Jay? 

AmoLi £.^^JmJ 1 ol , A«L*1 ^sj ^L*«^“l j f.L* ^j^ip *»l^wLw«ii^ ^ Jail * ^ (_jwlfcC. ^ b 

a^TUi* oUL4b £•! il L*wUp . J jJ\ jjjJl 0? ^ yy yp tjljjjjl *blf aj»-L*JI a £ j—) j 

.((2-17) J^-^l) Oih c^UaiJ U^i 

a_^.ja 1 i jiaai A_^._yi jiiiii 

---► <--- 


—v/VW'— —^NAA/l'— 

-ww^ww- 



—AAAAt^AAA/^— 

—AAAA/- —vAAAA- 

.djljjjtall y^lmTi i/jili. ^jkljuLu-ol JUP ^ 2 ~ 17 ) 





^ . 0 J-y*jlll jl (j jl jUjilS" 4*4*^ y* aJT (—jJAJ ("£\ oLajI^ xil <U*i.-J 

J^-io ^ Cj^yVfc* ^1 AaJI^JI A>“lj^ ^LajIa* la* yg J\p *Lo_*J jiU. ./?! Q**Ja£ «*1 

ay*a~ ^^ . Jj^l 4 ^jcJLS i;[i// iMiyJf ^a> ^Js^\ .eJ 15"jL ^^LpI AxJii viJjli teJlS" 

tljUL*^^* d-5" .^AAa^^fl <LoJc*J1j AjjIa* ^LpS/1 AxajJJ 4^*uJL> Li-lplS^ Aar^Jj A*»J ^ip ^ 3*^/1 

ZJfifjdf\J>\ ^iJsUv?! 4j^\i ^-L ^^ jUj^* ^ J-^a*2*» vl.; <T 1_C.J 

^jp OjLp ^ j b»LP .((3-17) cI^La$1^iU AjU6 J^ryi *V tl^abj . illLtfl 

.Lid y jUiajI y* ^jUat-jil ji JjAj t(J?AarC jLajI y <S'^ >m \ 



* 13 ?^ ajjLuui aja-^x Jl jiai ^ ijjj^il Cj! jxfci cIjjl^j : (3-17) 

. AjjulLuiVl Aa jxil JjJa] ^KJl ±±xl\ (jx 



4^ jil 1jJtP £jU*Jl 


OsHjW 

^jli i£d*-\ cJj .m 10 Jlj>“ aJjJ* jJjjJ jlT 131 oLiiljdt :>j*-j ^Js> jU^Jl db— 
b/ C^A c/ 4 ^ ^jj^Jl-jJ^I ^1 ci / 4 -b^ Ij .jt*-i^rt ^J*Uaj£ jl ,^L~mJ 1 i^lp.j5^ C-jIj : A~\ 

^^->1 JbtjJl J 5 j^Ij tJbl f .b jJlJu> ^jj ^>-bfl SjL^iil clX^ —*1 .o— Lsj 

Li| . a JL>- jj ^JjL*»S|lj ^glp*}U 4j 1 <ui J-X.J ^1 4-U*_* jl Jlfcl ipJ-P ^Ju-ji-l . L Aj^J 

y3>»JLp.» tjljlA^fl (J.JjL4 ^glp l ^4 2 -®b“ 131 .jil ^JfS\Ap ^T t<Lfc^\J kii-lij 4PO . JfU^7/ 4-JL>- 

>4 L$b f jAJ 1 jA J5" j Ig-^fli 4*-jit jjb ^^jCLw^ . JJ“t J jls> ^^ip ^iaj i^rj^JJ il»lS" ajJ.3 l5 - Ip 

^ .4-fcjJ JjiJlit Ul 4 ^J-i-1 y* ^glp JajL>“ _»*i-t ^Lll J-*J *lijjL» *^5vJ- tb^-'Vt i^-ji J t^J-i-l 

^J> 3j J Jsj^jJl 4* j 3 *»l)t aJlfc e r JJalj .(Jj>-\ a jA jtjiab /1 ip lJlp! - tCU*ia^ — v*l 13^ 

jljifc^Aj i-Jlill <uisljiJl <j$ dJt .^J-i-t (Jj^ ^ 5 ^ ^1 ji ^ Oyi^b^ CfA^y* ls^" tj^t ^) y? . 

• c£o ^4 <ju J\ <L >^j t^UJl 

# # 

5y* olpUsj Ji tiJlS" Jl^ ay jJHp 13Jj ce^lS" jSLio Uc^j L *— i c-—5" 131 


3? ^ P P 

L^Lj 13J jJl A-A9ljlJl^ ^gip jg4-<»jbj 4l*ur ^1 j^l ^jt ^gip ^J-vSt3xll 4C^ 

wL^rjj .^<Uj*Lill <U«a31jlJl^ *Ujb ^1 j^l i^j\£ ^3jvs^^JL) (,{£j >-1 djA ciiJj 4jjpLsii^ ^jJ^Lv*o \-Cj tij 

ci-JLJLi-4 aLJ-1 . jALj ^jSj d.. :; ^ll ija-ai <j\j jl ^1 ijLi L^jaJ 

.ijU 

,^J -*^“1 (Jji? ^^ja. U L) Lil ^ iL/ 4 ^ j-^7 iS^L^j 4S^y^- Oj^sj c^J-*^“l bJ-P 

.(Ji-Sfl Jl ^JpVi ^ jl) j*-\ Jl v 11 ^ cs J^' ^1 ^■ 5 y^ t JP 1 '^.y* 

. ^*^1 *x j i _5i^ ; ' J^ - jit <J^>brj-«Jlll ^j^~l ji? ^ip dJj?rjil ^1 j^Vt 

iljb 5 -Lj>“J i >rjA jijg.lJ .i*Jjx-'J Aj j3 «JL>-lj 0JJk 4 J <■ .^Al^o 4P^j ^j-^1 /jP (^Ji3jj 
ilwU o-j .4ju-J1 ^jL^Jo t<wa-jJl ^jLaijlj ^j*Jj 4j^ill ijl^:ll ^j*s5vjcJ ^ ijt^ill abrlj 

)# JS 

«ilJ j ^jP ^yr JLw^j i»fjpl^^ aJ^-^IjJ 4«/3< 111 <L9LW ^j? 1 «|<Ol<*l jil fl^jp JU__P 

^ .^J^i-1 ^ ^ja») Jb-Xj .C^b>»lSijuI dJp w\jlj 4^rjil ^*>»^ilj y-\ a ^4 aJLocJl ijl^jJl fll_ ^-Lj 

i]a—»I jj L^Iax> ^ja\ ^Za\ (*£ y>r .^>*11 aJ-Ji-il 4-> LgjJt <ui ^ (^JJl jt-xM^rl iiljajl ^Jp. _* 


.iJL^b /1 i^rjil iilb ^ jJUL^-l 5.1 jAl 


L^ 




^i\ 

* 

.UjL- c..!».♦ LkS^ ^^jip ^tj^b/l 1^ .4J1 j a ^4 f'iajl jij ^j-^t j_ 4 b_jl 

l j£‘J IjLftjj jljlftl 0»ljijj -UP 0*1 va.lll ( j~£iCj .JjOiS/I dl^tj 09r L?rl^«l J-**jl 

°J* Jl f “UrO J! Jr 1 -' ^r* iki JT ^>yUT . 1 ^ <yb*J LiljJlj cJsLiaj C^wwiJl i—Jaai 

*!ioMv^-*kil u^j Lva j jAli . i*; lj 4^*jJ dj3 ^1 cijjlj ^jlp^ij As>rtZj dj5 ^ C^JjJ _4j>x_*___j 

. A^oJijJf j% JflJJ AjjUirl iTji-1 ^J^IjCj j 



yAjJly 4*UaiJtj 4^ty»Sh ^->Ul 



<1)1 ^4ax-vJ y^Jy . L^ »j L; <l)l^» <^1 ^1 ( J-ail> Li! 4A.fl>- ^jj» 4-oj!jl5I ^\ j^S/l y^l ^_Jl 

i JsH\ jl ii Jp^i L^a*jy 4 IJjL-S/ly ^^Sll cii J J^ 9 C5^ ij 2 ** ^ j >% ^ .<1jU 3jJ i 

-I^Laj ^p JJ .^j*^-l 4^ij yL& L»Jixj cjlj il? jyJjd cLkjl^ oL ^yLJ JaL&Jl ^yaxjy c^L_JiS ^jja_^S/ly 

.UiJt <1^0- M gJl JJ-I J^U ^JU'j <-.^U,jJJ% Ji-Vlj ^Sfl J! 4^ ^_)l J-J-l 

.^yAfcJl Lfryaju y^P ol oliL**^ L$*^ JbuJ .<Ukjljj! Apr yil ®yyi (j OLiUjJPy <l)lllaysiJl LajI^ Jl?~y 


(3-17) AJU« 

*?yyjaJl OjL^tj^ Li djyl^i 0«-LiL*Jl yjP 4-ojijJi Apr yil aIpj^Aj) 

(3-17) <> 

y 4 . 3^X>-lyii djyjJl <j yylail t3 360° ^fy 4jl Cj-ip clJLJl ^ Jyflfl it y 4 <1)1 <---^: 

i ^ ^ 4j y L» . 4 ^ w * ldL^w_4 I ^ * j y^p t^cL^LSCj! ®yyi»xJ! <3 oLnXap^ o Li y wjI *-L?ry} Liwi 11 

y- 4 c£l <3 0 -La*J| yp 90° ^1 -Ia-j .90° yl ®jy^ ^ yp' —j l___4l ^—*j 

.yL*;L^ri ^jA (_£l (J Siayiul (^1 yP °90 5 -XaP g£ I >X*Jy Sy^-jUr! 

4 alaVi4.11 jjP jrlj-aVi 

.Ij^lj VJ 4juJail (J <£j V y£3y c aJo^j ^Jrl jp ^ly-MI • ^ly 4 ^ 


yp l-A-L^- LLfc3y 4£w>r y*^ yl JAAJ £.5^^* j- 4 *^^ 

■Jxww 1 tl)j .dwL^S^ ^1 y*! l? 1 p *jij<Axp! o«<^J y*^ i^-^*^**^*-**! yi .y 1 ^**j*V! l «-... 11 

d , o.l.w." wLaJ . <uzlilf Apri^L*ijlf yr^ ^y^y i 4 *Ja^-f Apt yll Aprjlf O^Jr! ^P ^ly~—-*S/l 

«< 

Li Oy^J J* Iy ^1 y*S/! d-XA *X*jy y^-C .j«*i*P yjd ll ^ -13 

^^ya^y JjJ V Jl^LiL) OfcJa^iU jP ^1 y*S/l .y>*Jl (J 1-b! Lftly yi y^iy cOi*- 4 ta 5 -Jl- *£ 

^y>yijly C^JLJj ^ly^l ^ Lp (j .^1 y 4 ^! .^tliJl i_3jj yl oLmA—*5*" 

.<*jLdJl 

Lil .OjO-cJl ^cja^ ^lp 3^ Jpr yil oU,ja,tf:ll5" c4^jan* Jp Ur!y«l OjAw-yil 0^/*^! ^ ,)g^» -J 

JLoJl>-I y-« yf'jJl C A^Pr O’Liy^.A ^1 <^ ?r -^* y^-C ^ly*^Ll 4 Ja*^» ^ 1 y 


LftjyJb «, ^\yj ^ly 4(Jyi»l oljyJb ^ -/^• \ £A oljyJlil 'yJ .cLH 3J 3y>***Jj ol—^LjJl 

tjLiol! y—^ ^ly*lj 44-kjM ^ly*Vlj 4<xyil ^ly 4 ^! {$>- J ^ j— ^ C->1 jyJ,— j 

— j£ ^ J 

. 4jL*3^ *- - - * * d^^pr y* Oj Lwv*«j I ^* 1 y 4 ! y^* A*^~ y 4 4d^L^^l LftLiy^y O ^uO m II L^sly^ cOwii! 1 y% 

■ ]p>^p jpr .1-Uiy y*^L 4jjLL« 03*^1 (3 Lply* la^lll |jjb y^* ^1 y-__^«Vl L)} 

a * 

L AmIm* ^-1 y-ly 4 jL*iw* y w,,, y 4 1 y*l ^Lj^ OyLil jJy 4 yl y* _i^t^* 

^y»yJrl y^-lj 4 I ^«««fli 4* L >»yil 4jL*jaJl l.L^ pIp*’ Ujp (jyi]l ^•JLfcwly c<U>JaI-L* j\ P ^ly-_^«ly 

y 5 ^! j! ^ 



A5Tjil jbSjb :jJLp 


JcU3 

jOLC £7 llj^ tO^bM (J^ 3 -*-* 3J oljylj oli 4_>r £7 llj^ [ j£\ jl jll>rA j**Ij jl ^ £u? 

.lOS""" aAjAj^ ^7 1 1 A*J^^ cAo?*^Ll J15 k*v»>^/I j jk j Ol ^y^sJT.^ cOx’IamJI ***• ^ Ol .Aj^L p J^' 

«~jf^yfj iJ*iJdi{\yH\ JpUli iuUil y^l 

j^ijsa 

4..joall 3 .jjLftSf (JL*-AJ 1 f.^l?LiJl ^ 1 p pbAJl ^siajD oJj! .pU .1 ^Lp J 1 J*— 

OjAj&L 5 .iSobi^lS" djsjj^ a*a or 4 *-r J jAJb a^L^S/I Liljji jjAJ ia^t j^-P ou^I^p ca-jj ^-1 aJL*_A— ll 

^IiJ L«Jaj A**jbj Aj( 3^^1 ajL/?Lp 0 | .C-J ^*>^[1 ^ 1 p L-i-s^lj*il gaA ^pLu^JI j^jiJI jy^ 

'J £aLASJ ^.slisl Ja-j^l jjp cJu^l^*Jl dJu*» oUr^ ^AajJ . aJ I »,aJI 3 t£ji yp c3^ <y jJr! 

l) 1 *^t jll 2 A j ^^jjL J,l J-^ 2 j AjL^IaII 0 ->!jL—^ J*/3 &i L* Aj>t jj 

* 

oU-^>xi^» t^_->yJl J ,1 t 3 j-iJl Ajjbniil J\ .(16 ft) 5 m S^Ip jjl^J oLpUjj! ^LO cj^»Jlj 

6jyP$ ^ 7 1 ^*1 d^Lp ^jlillj Aj aJUM c-i-^1 ^*il <. &.»aP~> .dj^^Ji d^Lprj^ojdll ojL^rl (3 j**p\ 

. AjLa>- C AjA jL,<al*jl O-’bvjA C)j^J — pl^l L$^ ^^«3 *A*«J^^id 

<( jijl U<J ^.Qj^ii./al' ^j\a*p 7 01 Oji dj^SsJl ^l^- 4 ^/! —^ J ‘- 

# «* 

.LjtvS» (J jc £ ^jjl (3 L*S^ lJL?r diJL^-J Oj^-5^ 4*^0^jl Aj»!>^ il 0 

c^Urg \a J5" ^tuJ taj^*5^ ajL-^ ^p OLu-^-jj Obj ^ 0 b>- y* JjcJ L»Jj;—p 

0 ^>A^ jl /^SsJT .(jyArjxU yA ^-b {.LOjiJI dJL^S" J 01 Nb »^>-1 1 <y* .Ajc/ f.LJ-S /1 t^w 2 j j 

J^i ^LjI Vl^-Nl <>bil j Ulp A^Jj j.uSf JU-iJ! ^LiJl J ^IlOJI *Lj 1 Ja^Jl li_& 

C.-*.«.^i) CjJH»J 1 J 5 jUiP^l <—L*JjLP .^1 l*Jl ^3 6 ju*£<Xa ^\y*\ I AajI^I^^I Ov? 1 ^*Jl £tUJ .jLsJLP^I 
^3 Ob^bijl^ QllAy g lp d-J J^>- lil . AiLs ^ Uij AjjS"" ^ll A^*l^jJl y\ 0 - , L?r ^*JL_Jl 

^JLj AjLw-Jk dJLftX^ oU- y*^ lJw? 1 ^*Jl f-bjl AlC c A 1 jL*> <L>-L^ C. Obi yp ai.i ll J 

.aJu^-^o 1 jUl cc-^jbi/* ( jSLio 1 gQw; J ob>rj^i]l jyc3 c^Jj-y^l y^f yo .Axj Jl\ ol jia jJlSsJI 

^1 J ,1 ^- 5 ^^ oUrji iJA C^p-jliil Ajl^o ^1 ^S/l u* <j>-l~Ldl g-jbjJf 

ji*lii .0J^3l^P _^i_^l L^i jil C-^*il ^Ijjl { y*J CAaI ^ ^ il OJ^Aa^- 1 A pli A_J y*p il 

f. yt*j AuftjJ Ji-S^ pbiJj i* A->"ji^l Jl^^S/l jl A-^-jJl ^ O’!^il 3 !^ Jl *il 

.(5-17)j (4-17) Jl^Sl! J Ali-Sll .vT^Jl 
3 ylj-* oljbij O^rf 3 ^^^>- 3 0 l*iA_J y —-^1 Cx ^—^1 Jpj —**! 

^!^S /1 (Jl-^l 0 jl-»^J .(S J»i Jaj^ Or - ba^b>rji? ^JbJl J^-lAlll jy^i . iS J ^rl _>Jl 

o! fiA^ A^r'^i. ^^S-C . AjJyJ / A^ryif J^-«a 3 . d-^l^A^^Jb^Jl ^JLj J^b ^__JLp 1 ^ -/^ 2 ^ 1 ^ 

c^jXaII y**Jl pli! ^ 01 jA>- ^P Ojijyti! 5jL>«Jl ^yai .j^-iJl j jJl ^ - liT 

.OJb^bj^jjAJsl jjy!^A>«jj LilS^j jAOj 






. j±j& J^Su ^j<iiiL <^\ jj ja*j <jt u^«j :(4~17) 

(1 fulfill AjtJal&all A Ktu'^j ^JSu^uali jj^ul! (jjj Ja^V 

.CJ ^3 £■ jjAiltj <jjlLa 

4Jl5C*l (J,Vpf (J £ 71 <JI jA g.U. U .11 Ijjf i J-g.«vJi ^jA l j^ 

J 4 & c)t ©dixil oljbl^JLl { j&Lj colyUall ^jA dJL* 4jjj ( j——51 

jli 3 £T JOjl .14 UjJjUtfcXjLi Lg.^ii olja-^i jyu V 4^Ja~Jl ,* *L5i 

-X5 uJLjf *-* 4^*-* Oli 0 >ULj o2 ^xJl £34jL^>l*jl ol>L^3 ^Jl ^iLkJl v_*jl Jij 

t\J>r\ JijaJl £>- £sk~o <3J* ±>ry 

.^1 5jjL ^jL4 

f-j-viaJ^ £-u3Ulaj 4 jL^L* 4^ji c/* 1 ^ <5^111 [^s>~jjau^j 40^jlvaJ^ oVpLai l)1 

l)^L/ aJt 2^-Lai £.L£Jl1 4-j->-ijJl j- ^Ja—Jl ^^SsjCl! <.^jil cJuJajl 3 l $<*aju ^*1 jj 

.AJ\j j^S/IJ 4^twuilJlj 44Ui*-^ U-^plJLJ 







•( L r J ) (JO* 4 -jLa]Lj 10 cJjIa-o ^ -La,j-<Jil cJ^ia I(5 17) 

^aII J jha jo*J (jC. £jU 31 (JaJjall ^3 

0 0 0 

^I^-IjuJ LJU> LlSX oj^S' <_£i . LOajl ^-ij^Sli ( J->-iOij O^aiLJI 

w j * t * 

Jl 051 _p~>\ ^Ip L)b"" yu1 oLpIS IXJi cojI _osj 

<Lj ^1 I y *j ^Jl jLp'yi J5 o j^-SsJl <ojlll A-^>L>- Li I { y 9 j ■ ^^ oL-_ 

,j>“l obi ^L^Jl ^3 yA O^JiL*^Ji 




JjbnlJ oLp 4.d|^> N oL&L4' jj JiilJ o' J (■ Lg.^ «) JlUJ o' j o' £■ —j 

L*-Up <uJLXi <L>-X*Ji Jj *w—«JLS^ jS" JLj ^J-ft .LljjJi jjOJ o' LOzjI .J j dull o_Xl 


J-^aj 0£^= L*jllp y ->Ul y* OJL^Lj oJL*i S O' c^jS' L*jl _p t*>\ iL? 

^jA ^jL>- oX*! ^Jj—ill J j>- ‘KajJ b c->j-sXl ^\)o^a\ i^jdS' .(jjjJi L> o .fl. ^T oX—ol o> ii 



ja^\j ctUill J rCJlilt oUl 


JU&M! fr^vail ^ <Jl Jliij^/l o gja l^+j lili .1*^Jaj ^y* £■ jL>- ^^ 4> ^J—fc 

c) l£J j^ ^ vil*l O^? J-* ?£^ail5" <w< J i>y&-£~. <ZJ ^yaJl 'i/1 ?L^J| 

*X?rjj cl* jlSL* Ja-^j j <w^^*>- ^ <-r >jiJtj ilJJ <ajXs0 4jj^SJ C~*i tiiJJi ^JsUuiS""^ 

.A1P O^-^aJi 0^ Cf* (* j ^.l5^ J^>- 4-Sj^I? L4^*a 

t-ioLviaj L*JUP .^/yt/y/ ^JLp ^1 y*J oSf bljjil ^5 Lpj cbljjll Cjj^a —II jjU_ j 

A^Ju 4>-jil J j^a .j djJJsJJ JjJbr SjytS' ^ t*Jl Ij 4 l^l—>- I oJlp <>-j ll <*_^l J$a >&\ 

.O^*aJ' o 4^1 / (j oL^pI jJ ^>- . J^O. J^-io SybliaJl jt J—.((6-17) 

^jP aj^L/ail ol^1 ju\ C..)a l >-N .O^Ip* 1 ^j.)g«**J t^jLjJl 4jb& (j <Jjlu JL?tjj 

•c 

cjIjJ t^Lxp-Sf^ o^Tj 4<jj.!jI*~»J l ol £j—£- ^j__P )lj 44_JL_.>> jll o\^l 

^1 c-LlP^/l £^jal**u ^ 4jl O Jill { j&>%Jji <_£1 ^-Lhj L*5"" .£&***_*£—ll 

(Jj <»—^LJUiii oL>m i-X>-1 



.”UjJ J ja. o'jV z) j^VI :(6~17) JliH 


d^b*- 2iL^-i t*-w2j L»Jjp .Sj^vaxJl dr 4 aJj^ **o iLjiaJi c 1 ^' 

^Jl Orjii JjJs> .5f.Lj5^ J&\ ^1 iOJj JaJ 4-^^,—JU 

jotlJl Ij_ft .aJj*- (3 t —^—iJ** Ibj 





lj-Aj $jjjl J\ ja\ 3 <t^^Z .f-lli ^^Lp ^ jl* (^1 p-L*J L*^ fi.lll ^1 ja\ £A 4jj .' 

^a-Lj cAM w-i <3 <w?bpj 4dlj ®jL-*Ji j <3 olia^ LiipLc*' ^a 

y*\ £jJCJ .JL-j^I jl^^r <juj <ii-LJ J*Aj jl A-JjI 0-b?J jJ ^»- 4jll«*^/l Oil* ^^Sdl ^1 ^»S[! 

^1 ( A^ fc £♦ Jaafr AJLjc* (3 4-JtSd*jj j^jllJl 4JJ ^S *jJl cLs^ajI ^5 

^A (w^l 4j>r J> Aa ^U f.LjLnJl ^Jl <_Jjb*tl)l l)} ,d^l3-l L>!jj—^ J J — > " 

. Ll^jJl J y- Ij&lj^J 4ia>-^b* ^.Jp jl 4j£SL^^L* 4-jl^-*l ^.Jp J i 4-J 4jj^ 

<* <* 

J-Cj J—?r J^»lo £ 7 ! ^ ^aJL) 4 C^jl j\a A,&')}\ 4j>r ^4 J ^ 9 £-* ^jjLi 4 i-br l)j^sj I 4 .AIP 

Jjt>b>!tl> .JJ^1 A^iSw* 4-J^1 ^gip jJlj pJUJl 4 jjLJ ^j- 3 .J^>rj-* j\P 4jl5""j -A-' jrj-P 

•^ pjtpJ JaJM ji. T y 


L»Aip ^^ j £ *z3 (jj3Jl Ja-w*»jjl yfr ^JaJi yixiy tL^P^i Zijr* 

cilJj ^^pJb tjJjl y*\ £-* ^ilb <ts Jl>s b»*Upj ^.uLiaJ^b J^llil ^P-L) (Oj-a jl ^.ijjj O-i_ 

^J-jS^i^l ^jAaJI La-^. *2ju rjA O j-s^aJi 4_iji? ^ JLjjLiL* jLJ^y£> jll?r j-« .g-J.—il jf jj—ju£b 

^Li)l ^iJLSsjr. J /y» ^LpI JJ ^J>A A^-y>j Jj ^y* jjiSvj ySJi>-\ 52>jl) fiJuJL>r 4j>rj 4 

0jJj-4 jl ^Jl>fcil ^Lp IJ^U C^jS' i3| y* -U 4j j ?!T^J 

^Ip <^3jp Jjlp ,^(JUa 1I Oj-^aJl oli (J>! ^ J^) iSj^ 

.jLaiii-i 4 jLJ flJl L4l .JJ44^-uij C-®jJ' (3 ^ 

jx; ^Ji £\ r ^\ jUii- slLuT (7-17) J^iJl .^Vl ol: 4^jC-Jl 4-)i>-*A>* 


jl4-> 


4^Jb>tll 44 jjJ a y oIp y*)l\ c' 4 >r^k>\j jj j£\ a^sla^a oLJcJi 

3 (/I -2j^ tfUAj 20 ^iJL| 0 ^3 (/I • 1 j f) 4 jL 1 L; 10 jlwi— 1 c. jj^— ill 

.(/l.34 j11\j 30 jIjlIc.^ (3 Oj^jj (u 

* t * * t 

jJ .li 4^wil ^-1 OIJJ jJ c3 ^ y±£: ^} 4jjL*w« L^jb yijl OlAflii-l OljJ Ji 0 j£j 

OUiil 4 ^Ju' cHz 1,100 Ujj j (J tHz 1,000 ::y U*lJb4 ^ ys —^ oij— p 

200 44 UI 0Ui3-l As>ry jjy jj^o tHz l,200j Hz 1,000 Uibj j j<u^> jI^I ^ .Hz 100 j ij —^ 

* 

4^3 ^Ip 4 Hz l,300j Hz 1,000 Uibj } ypJ^ y^i Jp oj-^Ji JUJ oJp j—S .Hz 

OlifcU 4 -«a 5 4iJ? jljijlw- 4C^ 4j>r jil JJy jl Oj^Pj 44^aJ| JJ jj O- J j i .Hz 300 0^ ai>- 

y* UT jliiiii-l j-i y\ .^T ( j5dio J^ 9 ^ 4 C.,.»)g:^t |jl 4 j^ , { yscA tJJj 

audiophile 4 k^ 4 j|jii N 44 ^y ^1 .oJ^jJ- N oUi 

jWjLil wb^J 0jiJl 4jIJj j ( j^-wLl^1' JJ j' J>\ — jj^ ijl ^Jj^. :j* cPi ^"1 

Cr 4 >( ^jJJ jJl JjU*v4 LaJJ y dJbJbr djL^i 44mM Cb" 4 jll^JLv'y 

.I ^»«^7 •i^ij 4L»jIj 4j^p acl.«>«J 44jaJj-! ^ .jolxJl IJ^a cIjIJl^V 





1.2 f 



1.3 f 


(i) .JjAJjjII ij±> jLul-s :(7“17) 

.ajLoIIj 30 (^) .<jLalLi 20 (s-») .AjLaJlj 10 


l * g (£ j£. t g > y uI vi^>- y LjjJ ^^■ ? .,, i 1 

* 

JSCiJ' ^jU (Uisjf jJy^Lj) _y_j x J y\ 

x = g-f 
y = g + f 

tjj jA 1 } tJJ^A tJ j jA tJJ jb ^i-^Sb 5j-Lai! ob^ ^1 S' Ulaji d-XA 

.obL-J-l frly*rl JLiP Lfr**ufti jib £-j]aJ\j C5^ 





























































































hrjL\ ybi jfp : ^LJl 


(4-17) 

^ L. .kHz 2.500 lS y tHz 500 LAlo^-l ii j (■uy^y* bibk jl J ?jxil 

^L)bski-| oIj I J .}j 

(4-17) Ja. 

objy dOi ^ .g = 2,500 Hzj/= 500 Hz Oj£j JbJl. .y _/> Jj obijiil Jj—>• 

: JbJl JSbJl jJLp yj x jlii^ 

x = g-f= 2,500 - 500 = 2,000 Hz 
y = g+f= 2,500 + 500 = 3,000 Hz 

2.00 obi yd\ jLipI ib5o:. tb& obo b- 3 o^—j—^ 

.Jlyil Js. tkHz 3.00j, kHz 

£l>»Vl jl>uil 

Jb jl ^LjLj ^ jj . 4 JLJ 3 b& blS jka 0>~b LoJlS^ t^lj^S/l j^ 1 ^ c3 IklS"” 

SAlv-Sf' J* 


^Jjdl jUawi Jila ^jU| jU&Jfl 

^ i* 

4«;;lg l_jJbj£ .l)L*ij Or tJjOlj ( _ybpl i (Ji J (j-'* < — J 'blljJrl ji£ tOilil (j ^ I ^ P 

->U baj ^ jS\ 4iLJt oU> j-l j! C-jIjJJI jin! U Ij^b .4>-jl ^5" j>- h^A? ^ ^*Jrl iS'j —>- 
c^liLk. jinJ jl 4j>- jaJLI ^jSot /jJ j — ^jA jil oL^-VI ja*j <j JlSii^fl 43 L*.— a j j— 

t Jojt^aJf hr- jj» Lil hhr jll Jlaljl al4b ja>- ja*j j jlA .oljjJl 

* ’ * t. 

lii £otj jLp 4j ,>^>»lp bijjj j^-\ iSJ^h- 3 ii hrjib Ls42ji 

. La>^JLj (3 (8—17) ^w?jj , 4msZ?jaJI hrjJ>i 

tiiJi rin»j Ja^iJ <j <>r^il J-auJ UAiP jl Jaiwab ji ji^j ^-Ul U jl tilii j-^j liU 

^1 jt4»J ji? f.1 3 4_J Jc_->l Ja ^ — Lp 

^ _L>Ji j^o) c^bLiJl jl 4 j>t jl j*aJ L<J-lp / jij t<w?^P Ja-jl jp _ll 

,<Jjail ^r>l ob ^Sfl 

ojin Jja^ 

j C->L?rj-<nS^ j\ 3Jb>“ <3) a j (J j^.jaT j-inj L«U_lp 

^■1 1 1 jLinjl h uh - J jJi] jj Lxij ^LJL*Jl c 3yii^l ^\y*\ 5JL?- 3) o^*j — _* 

. (S y&Ua j <*f \ 3 & J* 





jJhS 1 ^L*Jl 


<1)1 c^L-jA-I jlfsiil <3 d JJ^J Lo^Arl <3 Ai^iaJj ^L*Ji l) ysJl ^>Ljjij ^L?Lj c/Js* 

C^iLp ^jI^1 f.J^lajl ^Jjill> • (Lj jS'L*j^SoL*) A3jJl A*jL <Lj^>r olwOr y ij^SsJL) ^5^il £j^JaJl 

dJJs oLLiL^I J->rjJ N Ajl ^^ A*^Laj J’^UaJl ^aIj . j£~\ j\*&a\\ Jjj g.1j^! <3 LoLLl*. » Js >j L>- <3 

.oNLU y 2 ^. J J\ y JjIjS" ^ j^i s-jLaJ^ jt> fjJl *Ll*Jl p-L*j J JiS/1 a^lpUllI 

^1 p ^^LaU *>L li l ilfl it «/? aS" j>~ <UsS i iZsUjjyJb ^P~U iA^+Jb y&\ AiUaJl oU ^ or cLJULlC 

r jw jLw? pjso- oli (oLS"L) ^jj (J,) aJaaLL? ^..^ aT /^Lc ,L& ^JaJ Ji ^Jl ^L^S/I 

. Al* wb>r Jj N 

^ ^aj j*JaJi jL*Suf cj y y } j& c3 3L£*^ $Lrj <-L>*JJ ( j*a>*JiJl ^L — ^ *b/ ^ 

-LwoJ djLv? jj*i iS^ <JL-I .tlilj z\{jv ^J-s^biJl £*Ja~*Jl ^1 p tAjwuaJ £.L*iL oL y jiJt 

^Ju .m 1 Ji* j-LJ m 4 l) 1 L?-L~Jl aS"jJ aa*^jJI ajL^jJ! J&j y JL^I jl tSjo^Jl <3 LL*-~Jl 

c((9— 17) ^L>oJL ^j^SoJl jl (,\ g.tiJ y 3.}L>- Aj jljj j£ VaJJS- oU*iJ Ifr^l^l Cj\jJ -7jiJl 

t^>rL>rj jy*y* <3 jj^r* y ~ 4 ^- 5 oj^U? oji j^-jS ^ 

! jjJDl ^Js’ aJ ^ y -o Jj <j 



iCjLeu-uOk (j^a (jj^JJ g,A jcui! dljl£ 1 jj :(9~17) 

?g.La]l ^Jajoi L5 ic- (j£jJaj lfr.w-3.lj La 


jUaSJVl Ajjlaj Jiljj 

frcg. jj «i P?i l A w ^») g ] LIS" a,La^w* J AjL yys? y% j— 

tjLaJi l)L ^yi! ^ Jjl coL j-saJ^j ^J^ ^tll ^J\jy jA>j j juy jLi^j £ DL" .aLjlJI _ll 






,jP ^*Ljl i*lp (jO“ .OUk^Jl jJJ Oijljl OU-Hw^i Jfa*/3\ Orj.,-« j-* 

^LJl 0 jjLil (3 *UUli 4 ***jJIj L>wsIj JaLJ^ Cj^3 .oJi^-lj a^JS' tAl5"j $.j^iaJl ^-1 j^l 

f.lU LA ^J->-IJLJ ^Jl l.g.~»d> 3JL^jaJlj .,^a»i $.j^iaJl ^j- 4 ^ ^J^-lJJ ^is>lj 4i£ j— 'J*j jjt> ^lj 

jl oUj^jJl j^gis> jJUi ^w*ij .Oj^UaJl LA J^-i-Vi ^1 Lfr ~ *ii kAjj _laJljj 

.IJj>r Aj jiil aJ 0^1 (3 jj^aJl J y>- 1*1 j j5^jii oJj>*lll oUJ3-l 

f. Aa j>- ^Jaj j L»Jlip .4j>rjl £*Ja^ ^JLp 5 .j^aJi 4 jiJ*! $,L—s^l —Jj 

LA ’j? ls^ s-Ll^-^II {j,X* J-ojaj . ((10—17) JSliJ!) a^m ajj\ j) aaj^-\ c JIj 

ol>jll AaAjla j| ,$.\jislj till Jj>JLi 4jjljll oU-^ll 4>JJL* ^>iJj ^ .^ja.^Jlj 4>-jil <L*JJU 

.4JP ^^vSnajJ .Jj ^J-s^Lajl JL^-I £«Ja~j ^ AjLaS^ 0 j^ bljjj till ^a»~\ ^y ^Jl 


^Jx-alill AaJLs l^oUajjl .lie. \ g"r\ ya (JjJaj 1$JC.^>jui ^)pu 1^10 17) 

.4ofc-^ a Ia^UjjSjI ^pl^)3 laLujl (jAJ 


{TjAilL ^jL U 

.^JUPLj oUL^I Ijlj L*-UP C4j <Lv^Lii-l A>r ^il Aj Jfrj J^3 J pi— ^ 

S, j-siaJi J3j* ?p As>rf* yU^p\ j 1 £- L } JU *i ' ^L* .4 j>«PJ il 4jjLw^l ^^f*Lp 0^ 

Ujup c ^ iil *y lill li]j ?«,! jl$j Jjb us j^r' L_3^Ujl <3 

jl5" lijj Jp oU LitX J*^*" 0^" j J^ t«.Lll fi.£ -\y >1 

L4Li frfpl^t ^ aJL>- oy^o- J «.j-^aJi Jjj^ ^ ^L 4 M ^Ji N till 




: jJUp Juaill 


* * 

y* 'Jjj SiULi L^l* ^1 ji>l JT jt *.'& JUP ^prUrjJl dyM ^JaJ bli 4^jL)J-i ^^ 

( J-A — ^yojJlj ^yL ayM <J £(^y* ^ N 44 jL$uJI <J ^5iU-i jc^) 

4 jI l£ 7^ la -*j yfcj t jpyf <-^^jP 1 Dyill (J$ 

. 4»L«lS\J $\~'aa\\ ^>LC 

t. * % 

4 j J^S 4 jLj ^yhJiujI OjJl y>~ jiS^aj ji jy tjjj djA Jl ol>U— i (j 

. jj j h ^yb-^uj Je*j J* f 1 » :: - * -Cs** ja^l 
D j£s .^LJL*Jl j*p *%j <Jlj^*Jl IJla <Jly N <—■*1 jjgo/g^H 3 ^y»uJlj ^yL (_^A__li l—* 

U^ ~Li! jjtlJl l-br 4_Jlp O^JLjc* yu£ J cl^ ya«; ^1 p OwL»Ixl« ;*ll j aJIj ^SvJl J j—A^-l 

4 ^ ^ylJ jy (_£l 0-U*iJl i)j£j j/l ^\ yl ^ -L*3 

Jp 5i0aJlJ o-iUii 4-yt* *L*M 1 ±J jJu>- oijsJb j! C->Lo y?rj Lil . 4j.iL* {.LJD <J jaA-\ oJlfc 

, l g -d1 1 4^jjyDL* t,“,-3ys 3-l oD_& 0^ y* yP^1^ 


ji y* 4 > 

iJlft y& 5jL>r^|l yJ ^l n ?4^- y> t-jl j}aJ?\ ji oL»-^«Jrl ^y» 7^^^ J*^"l <-^J—J' 

. 4^- y* <J^iaj 40^ii y j 4<J y 4ilis A3 *Ap Jory } . 0 j^S' A3Jb j 


Jjlaj 4 JJjSilj 4<SUa!l 


oJu& Aja-^-1 ^11 5j^Aj ^5" A3li? j JjSji J »1 AiOaJ! il— j —£j: 


; 4w^/ajl 


e = y 

/jj A-j-wyy-J? 7$^1^ <u>r^il c— j\j)a«p I fj 4 ((J ^ (3 ^^-^1 4il]aJl ^ l)} <L.-* > - 

.10 ^ x 6.6262 y£ 4 (jMyb <~jyo c^j\j 

DU 4(4Jlill| jlllj) T^^Jl C-jl7Lisil 4P yM Cj 4 UJ^JC* (D*l*^j) A 4j«r^il J^L> 015^ bl 

e = Ac/2 

! lfr>y£ UlJaJl 4 JNJu 0 jj 4^>rJ jb JjJL>«iJ 4iLJl 4 rr Jy a^lpi. ySoT 

2 = hc/e 

* t 

Li jij he 1 -- >j*&}\ J^»L>- l)1* 1 7“' t'vaa'l Jj j-LlJ ^Jl 5™ Js^SvJl i* i*5^J 2.._ -.l L 

■m/s 10 8 X 2.99792 L>' tfJ LJ c tfi 10 ' 25 x 1.9865 

(5-17) ^luu 

3 nm 550 <&?j» iJjb 0^7 L^ 



jaJ\j ttUflJlj lOUeJ-l j otll 


(5-17) Ja. 

^ .550 nm = 550 x 10“ 9 m = 5.50 x 10“ 7 m s jb—•! Ji nm 550 J j—>■ 

'.ix -_jit JiJ'V^ yiiaJl 

e = Ac/^ 

= ( 1.9865 x 10 ' 25 )/( 5.50 x 10 ' 7 ) 

= 3.61 x 10" 19 J 

(6-17) 4jLu 

y 10 25 x 1.000 kil-Lc O \jyji y J y~-^° JUs'iH J_jl» J* L* 

?>1 tUiiJl J ailkil 

(6-17) Ja. 

!4jQaJl 4^-^JLi Ax*yP I 

X = /7c/e 

= ( 1.9865 x 10 " 25 )/(l -000 x 10 ' 25 ) 

= 1.9865 m 

lil 3 ^jil! *^U^>- y* 1 c .(VHF) t*x>* UJOJl j2)\ ^.ya_. 


uAC-LusaII JjJJI ujlau 

CU-3lif ( J^Lio 4 JTLp $, 4>j>- lij .ijjil ^ 4-J j^aJi oli j J ji _ Jj 

cc-3IS" 4 jcL?L- $,j-jaJl oj>- c^w>l lij jl oIpL*JI jl j^liJJi jl ^1 jillj L^LJ ^v__5sjr 

d 1 J 

CUjIS* AiUaJt L&1 oU^ft-ijb ^j uxS ' ^j5uC .UliJlj oUjJbjj JjjcC. lili jjJJ a^ 

^Ui*>U ujJrl **>41 C ^J ^ t » ,>l ftU*—ill j m/s 10 8 X 2.99792 ip^—, ilj_^s 


(3 l-O^jl jO*50^|l 4j^Jsu ^ 


I .ctil 




r (^Sjl ^j^*lJlj jU£y/ 


.4Pj^vJl 4-Jlp 4jjOJl QjL^. y *3rI^ ^5 jil £.j+ja .SI <3 ^—il ll^ 01, .ftl^lg 

^A U 01 . jll f.jQa 11 4 a?t^ il 4jtj*JaJl Ol-Ajj^"* 4 jwLJOi]1 (^jL£ 14 J 3 iI (J ^zd f 1 

.4j d0J» L* Jb>- ^Jw?j 

ijjji J'j— J>- ^ ^ ^Ujj" y>ail j—£*\ 

j^rLM eJdL>- Oirj .0 U : Q g OL&Oj <-j j^-L>- ^1 p Lj yij J- 4 !^ ^Laaj 0ji li> <;j^0? 

* * * t 

.a^m bswL^* C | J Lfl )l ^1 p Ja^j ^aXjuJI ^ c-j-^aJl 01 ^^il .(<31 ji |*J-—i 

bj .(j^iaU^ Jj^lJl^l 01 (Olwr ^ UjSU «.j-^a—ll 01 —^ IS} 

ASyi 2-«j 4-JL1 sL 4 i? ^Js- J^lJLllI Jl^Lil j-giij 01 Cr-lj^Vl J * Ijl_ loi f, j-^2 il 01_ ^ 

^>-lJLlJl Jjj^J a>- O.u-^i ±>ry> tj-^1 :l>w>lj ^^J-l 015" t4jyixOl oJlii L*JLp .u-Jjl-il)lj 



jdjfb : y £*Ljl 


Oxi*Sfl -Xpljij C~A~¥^ .(J^ixlJ! J5 LfcjJj£. '*^ T j*- 1 ^ Orjll c)^ j^Ccl t((ll — 17) ,J') 

jj-J jiaLv^^/l AprJ^» £• ^A?W .^JLiJl (j i?U; J,l -UP Ifr^anj tCJtlfj ^jblib 

.Cxi^j! \J\jb ^y>- Lg-L^- (_$c^Lk^j^^Ll £y« ^Ji^fl ^1 p $Cx>L»-**xcM y* 

4-i‘i-J la » vail yt bL» .o.%Jg f.jyall jlj <_£ 

j! ?| »;«"> j Orj^* f.jxjaJl i J-ft ?0-*jc4 (_£yw? (c->b-5*\>) ^Jj 0 U 2 JI <-J*Lic5fl /^P bl_4 

?U-^4 <jJJLc Llo eJili£ L ^ 

^1p Jaj£ 01 j ti £x~+~*mj Ly JLZ j ^rb- ^jLp y*’ 1 jjj 0j3 tojib 0*>lj y ^iJl cb-ii (_£^*r 4ji ^lil 
ojJ-l C-Jl5^ ji ^>- ^UxwJl ^Js* ,J>-lJuii -bjja^p C->^ls> j t^jUdl oJLa Jj> *1 ^rl ^r ?^L-j>- ^Jxw- 
tOxi^ JS" Jajb Jl>>Ij ^j^-^Ui ^jjax^L> C-«*- IJL>r LcLp ijjil Jjor ^>- .4 jLw__v£> 

oJus> ^Jcj .((12“17) J^sjJl) *-4^1 <j^<—*b" jSLio {j* * y* '^* J - ^Vvallj ^JJaii Js>j Jai-1 

t. * * 

,oljaJl o^l-Uii ^J^rl ^4 ig —a■ ^a*j 5 t^jLjwJl olxxJkl ^1 p I^L*jlpI 

o-J^1? bLkiPl jJLiJi Jsl£ ^jjI olijJjiJl J-A ^oJL^S”" <-PjU4 J5 bl_4 

^aj oL-sll ^4 jl JL>-lj jj-P jiT. Jj>-Ij j yy>S ^XS" ?4ii*J (_^JL_ll f._ll 

J! ouyjLU jt jOi ^ ^^JLij! Js, ot ”oS^: N” j! "o^c" "o^c" Jl^Jb 3 

<X‘.*A J ^xxJxp J^io oijybil c-j^1 (j (j^icJl !>\5^ Jj ^^ja—^ 

?Oi y>S^ (£JJl y>r\^-\ ^jj f-j-iaJl 2yy ^ 3j^U<aJl Cj\jjj jjiil 

i ytJ\ CjU j^laJ <_-> lJJI ^gip Js>UJ-I Jj>-Ij Jb^A ^xjalxx s—j" : J J— 5 (j}J; _ >-Li! 

ox! jb to^xil . I «/2 j 1 oIj u>pU-L l 



t j^l^. ^ jjLiJl ^ £jj ^ jjj-« :(11 —17) 

.^rl_^aVi (J^l-iaj um (J^Ijj Jl£jil gyu 



tfrUuIlJ t oU~J-Ij «_jUi 


I 



*g■ aa> _Jjj *Ji '**•"'■ riJ t fll^ 1^12 17) 

?(Ji1ju]l Jl£J 77 llulj J «'l ., ii J 77 3 j 


jUlal 



oLf Q. ■ tt-I lil i>X^r Oj£*J ■ 3 j * ., /jl ' .Up ., ^ al l I.X* J3 ^ P 

.wjU&I ili 3 oiy*-y* 4jy*-S/t Jl Uip 

1.250 <s **jj kHz 400.0 nJ jlS^j £-* j * 1 

VjUi^l ^y aJUI obi jd\ JA ij\ cMHz 

kHz 320.0 (a) 
kHz 500.0 (b) 
MHz 3.125 (c) 


MHz 0.850 (d) 

?SLi ^\ r \ js> 5 J U <JU]I ^lySlI J*Ut J\ .2 
Ja-^M ^yLp oU>r (a) 
$-5^4 3 (b) 

*\ yi\ <3 ^Jy*^ (C) 

(_jy g-L/ai)' 3 4j33rl ^ly»S^ (d) 






A3\W>\ 


?HZ 500 f jisUrbi 4j>ryA J jA U .3 

mm 2.00 (a) 
mm 20.0 (b) 
mm 200 (c) 

. CjI*^ ixil ^jA 4jL~j>- \ (d) 

£3 4^^ (^1 (J .4 

OjLtikXp'tJL.btf^/} d3«AAi4 4jjI~* <J^>- ^5jJwl g-^ya ll ^1 ^>1 

4-jl $.1 <J^>- 4fi;jgii 4-Jlp 4-j ^ I ^*1 (b) 

.£.Lj 4j jlj J^>- 4jLjaJl 4 ./a,A>L,X a <Lj^ l r i (C) 

.ol>jj d4* (^r^* ^ ^ jaJ % )I\ vi^Jb-t^ (d) 

^^JUi 9 wL>t f-jyaJl jLa^JI 4j^iaj jUXJ .5 
.(JjUj 4^UaJjl Jjlp 4JJLj la*.,all (a) 

. t_ipLyail <_£a£Ji c3 4^LJl (b) 

.^jL* ^Ip fc j v?^ jI—*^jI (C) 

■ £J* (_/>_)* Otjlt (-j*all 14 jX»i ii Jai\ (d) 

?J^-I fUoiSl (3 in 300 Iq&tja J_ji» ^Lrf x>ry jj-i jA U .6 

.s 10' 6 X 1.00 (a) 

•s 10~ 3 x 3.33 (b) 

.s 10 6 x 1.00 (c) 

,ot<_ji*il 0-iA ^jA 4jL~a- ^jS-Lc N (d) 

Ay ^yiJl 4— A^rl 4j>t^ ii .7 

.aJUI^j 4**^JI 0I33jJi <jt£ j jcs (a) 

33 j j C^jyaJl j5 "f (b) 

. 4a1Lp 4jLj& O3I3 4j?t^4 (C) 
.A^OA>tJL4 AaJ? C3l3 4jv ^4 (d) 

10 20 x 2.754 dJlc oliy y ^ «-4jU-a»I ^ l* .8 

?>i ^UiJi J 

.m 10 6 x 7.213 (a) 

.m 10' 6 x 5.471 (b) 



ctUaiJlj (OU<—»lJl 


.m 10~ 45 x 7.213 (c) 

.m 10~ 45 x 5.471 (d) 

?Hz 700 >22 j Q, j djj* JS' <j 51 AiUoJl ^a L* .9 

.J 10~ 31 X 4.64 (a) 

.J 10~ 37 x 9.47 (b) 

J 0.00143 (c) 

»wjIJ y . ^ yj (d) 

^1p ij^jbd iS <—ij Lj m/s 335 ;r S' j. l . J .10 

?Hz 440 22 jdI ji jk-4J y> U 

m 1.31 (a) 
km 147 (b) 
cm 76.1 (c) 

. ojLA ^ (d) 




£ix*2.yt j 


O' 


. Oji \ds>r ^ 0 JA jb dilpl 

\ * * t . ' gl|fe 

-0j\+0oi~ $.jJalU .4 jJ aJb 4 JLIC aJ a"*.**) L£ I.XJL*j j£\ $ .objfjjaJb oLfc^w-Jr! 

'"' “' ' W ^ |*|;;; |3||; 

.AxJiJj AiUaJi L5^ O-jsJ -bs<2jt 4*** 

|ff|f|;I#||' 

‘ 'VV' 1 ^ 1 ; 1 "-' 

2 i Jlt iU >*<t t A &aJS 

oL~~Jrl j j £J s-b^$^3' uM J^biiJl < J^' A*Juil 4—sUaJJ A- —?r j[\ A*-—JaJl gtS—j£ 

0-w J a.^.U ^Uai^l — J . — ^5^ Jj — ig 4 — Ul£ coU^jj^ — llj olj Jj— ^J^liT 

i_^U cOl£^ J^Oj Aj^3 L*Jjjp . — Jz;* -* Vj —£>- a5" j —>*ill 4j y%Ji —Ll C^U^w^i*!j 

* rX^f ,«-,*' ?,*' E - >•.' y 

J^S'(J-**’ bj-b tAJI j A.^. la Uil JjJLbt d-Aji jJ*£ L>Jj-P .d^u-4»1— 1 J&„.C 


2* t..> \ if f 

■ ■^ r .,-. - - •;;••• . . _. . 1 111 11 .'[ ", 1 . • 
'.'■•■ /::■■ ■" 

.(EM> 


«if t -I,*, ■>,! ■: 


oljolj .4j£LisZii <Ju jblil 5 tO m 5^bdl JflbUli J/u _)l CUolats**^ 

ijj -iajb dolib—« b&l5"J lS ^j-Uj .bJb^S** aJ^ L «« .. ^ j|l J a^L!U,. 

iXsA\ Jit Jj <_^>Uai'yi ^ AiLJ .1 diljJ J^P cAP j^~j fOw? *— 

* V,*,'? ','--V 

f-Uiajtji J Jjx ^-1 -UC cbJii ^ywail 

vevi s • y i.'S'5 fW 4 „'-\S ' 

^~ J gjJil f ^JjJi J?jji>- O^sJ ,<iJJL*Jl J^>- *>\^>- J jlil ^/bjb?ft 

. »* # ^ jjj| 

Jfijjz^ j^>J ^bJb yji>- <yu 0-|bJl ^ 3 J .jbljl db4l Jtp 

^ ji jLsi\ d-Ui L*Jo- ,4->oJl J->Uj jJJ) jb^lji] Ajjl y ^ — fLjf&f jpJLz.„Jl 


.AjCU 



Jlj cs-UaiJlj o>Lll 


U&d JjiaJt 

* ' * 

JJ$A> J»J fji ^jLA^J>r ij-o ajy*zl I <^jJl (jLii jp) T- jJu jl ciULJl (j uJxdl jLlll 

( J-a^O ^Jal4*o s-lyaall ^ Lijj:> d^A^~l oJi> ^-LiJ . ^jvU*^— a>-j —«lg;»4 J—^ 

Jp jr ^~Jai*ilj ^jL^S vJl (jJiJ-l (_^l Jo*U^ Jil JuLpSfci 4 JLJliij'yi 

.g.1 Jaal l (j 015^4 JS" <j L fr O ajc Jp oX^IjCL* 4 JU-I a JLfc J$ IL-JaJtilj 4 -jL j^A\ JjJO 0 ^3 ,oJ_>- 

Jl>J3JU A> jJ a*- ^ ^ Jp Lpj>lp ^*jUI j^JI J—a^O JLa:—II al—£l jj—£u 

- (1 —18) J^diJl t3 jw^J -4 ^ 

JijGlI lajlai. 



3 ^^! -la >Ui^ 
, - j^uJauiuall 



jUafll aUjI 


4jlSLftH Jtj^)$£3l j ^MujalaLftll JLajli^ ^ja 4j j£a 4 jmjl-»^$£ 4 ^ja 1^1 18^ 

. laj-Lt-v 11 ^jc^a (JS ( Jc. ^JjaIc. J< (JaaJI (JttVw .(JjLjja 0 JaIjlIa J I j 

cj^T Jll <j jl ciLLJl (J iJ01 ia-i# ^ jJa^I s-Lijl i—ij —4 

^Jl lJufc f-Lio^f Ip jj-i N! 4 ajJ jl 0^ .L^jp^L*- i ^Jcj j! ^ <_£l .^jL-jj 01 UIajI t*_-P= J—J 
^y>- j^p UajI JjL^I of . JLJiL j (ac) v’j^* jW> ^ Jj —^ j—* 

.4*jIj^ 1 4*«<^kjfljjJk,l 4j^j>x-Jxll 


4aja 1I Jjlaj JJjjli 


t^jL. -; £ -llj Itj^a 


Jl 4 


4P 


-Ula_ aJI (j 4*w« - Jsjr tj-4^1 


tm/s 10 8 x 3.00 Jl ^yillj a^lp <--j^ .2.99792 x 10 8 m/s (1.86262 x 10 5 mi/s) 

0 t-4^-P . g.1 ^2ail J 4^-wil?j^^Jl 4Pr^i.l jv3 flj .4-4L& 4j^li 41P 1^ *» 

fi o 

^ j£\ OjS^j L 4 JLPj .Lj yaJ km 300 5^jil 0 ^j ikHz 1 bjL^* ^— A? j—Ll _; 

mm 300 a^-jII J 0 tGHz 1 ^xJl Oj^j Uj-lp . Lj^aJ m 300 4 ^-jil J jA> OjSnj tMHz 1 
* * * 

mm 0.3 y* J^Js> cTHz 1 ^^^*31 O^^j L 4 .ajp^ .Oj j &» 

. L^Ij J^3 4-^<Jp ^1 I-A^r 0 Ji*v3 <L?rj-4 



Jl£*f :J-1P tfMi I 


^Lj -THz 1 yjS^I * * y~^ A^t-^ll 0 j^> 01 £j. < xx 

Cr 4 m 10 10 ^ jy^s> .(A 10 5 ) 0.00001 ay-i» i^S/l 

OjJjL ^ ^^u*) .J»,<g A il A*Jtj eVSil J»>t J! ijli^J *L_JJt 

jjbJl (J j>-\ oJ^-j pb^H »j-» i Jajt fUiiJl J-Ai .A 1 *ijb p— 3 '' *ijA • JiA" p-^-* 51 —' 

.1 nm= 10~ 9 m = 10 A 01 <±~?- >> 

fUiLoJl (3 (3^“ ‘J 3 Ij-AjL* cy jdJ ^liS' tjli*fyl> Ijjx* tX J AjtwS Ot 

*•>* 


X = 2.99792 x 10*7/ 

ji* jj^jlilj X J*-f tjJy> jlXJb y _^» ^LUj X J*-' j* !■< —« < ik~ai \ o-b» plJ>^u*l J^- 

(inni i) j~* y~* i :cjupuiii ou^i; yij t*y -7 y> y* x yo <•$j* uj. 1 ; y 

.m 10 9 if j'—j (nm 1) >> _yb 1 _> d0 6 (fim 1) >* j^L* lj nn 10 3 lSjL-j 

js- j~\ sUiaji <j 3 ^y j^- ‘ y^ ‘X **-y jyi <.y yij y *s y **?—** ^ — u*j 

. 4j2jI_^*J! 4. w *«|A l l X_j f Cf^i ^jo. L y I i 


f= 2.99792 x 10 8 /?L 


f Jy*J 4 ^jLIIj Xj JJ_y f Aw.^ll oU-ft ^J-*XLw- tAiLL-Jl 4-lli-1 i 

.jiA yUJL Xj yj* f Cr*J 4 r* Xj yU-iU 


5 jjjS Jlluii 


V l^ 3 > ^1 Uydl ^JL-^AJi oNUT^I jJaJ Jl aA«JI J y^' Jc 3 U^I iL_* 

j&\ ja jSl uj Ji yjl o^Lj jup ^Ui *>0 jl>- jJl Ajjjjf^Jljy *J 

JU-iP* y (IR) jt (f y jt .oOi^r 'yiS^f Ofly U_;U t^!>Ua_ 

.(Y) 1 *Lp Aju^I ^ 4 X ^ C (UV) J J* ^ C^‘ ^il f. y *ail UJjw jL ."fl j\ JA 


jJ A^r\yJ J 

0 y_}^ cApLwj oA>- 1 ^ 0 j^»Aj 4 .fc * *s* ^ j^^Jl A?r^aJU 4 LjJl OoljLi^l 

^ytsjJl ^y-^sJUJi ^/SJU JLAIrj .AJ^ jjJU ^ C 4 _X^ ^Jjjf J ^ OjJ^ 4 4 J w- J £ fljjl 

.AjiJl Ui--^ y^ VJ-A>- -\JJj ol^1J 

A^uulaA a jaII Jjia <jJjSu 

JUi .A_>y^' jr^Sl! Jl« ^jl^jUl ^Uii 

(2-18) (^jl— oS/ ( JjujJ|j 

j-^uS/i A>r^i^ oL4L A^;jJj JT J^hJ .y* 10 12 10 8 (yUi* 



j *jllj j (OU-JUl j 4^1 oUl 




800 nm 

700 nm 

600 nm 

500 nm 

400 nm 

300 nm 


m 108 J jJal y £ jJjj ^311 ^ <■ fljlnll *(2~ 18) 

— 1 0 

.^J^)-all C Axial A_i3 Ajj jj m 10 

J y& jl lylA\ 1*A_A *- -->l_«>^\jtXLl ^Jl A^C^JtJl 0| , jA 100 Q^lO 6A l « /3 % L*J 

^Liil 5 jlp0 J \*jjA» UIp a*jM Jl jLio .iJL>r JA ^UaiJl J Hz - 60 ^oli ac A*-J—- 

^ * * 

A*Jai Jaii Ji-io ^jil $.j-iaJl 01 Ljs> ^-0>1 jJl .lJL>r Ijyw? A^^Ji?^S\Jl l$i >-y J j& 0j—SJ Ou-—>- 

*■ * #* 

.(nm) y* jjLJ\j (3 aO J-l ?t 1^*^/1 JI^Ul ^Jj, jOio . hJ f ^y l*x?r o 


IdljJ U j* fS 


jil £j-siall ^1 j-»l Jl ^00 aJjuJ .1 "oiiLjl y+e iS^ J* o l5 ^ p J >v 2 —xJJ 

jyS' ^ jJ jdj yJis^J . jji*-\ j\ L?jjl jJ ^b>~J jl 00 jJL** 01 JjL>- 


01jJS/1 y y>%^\ V .Jaii aJ jll ^'^SM Jl^1 ^ <3^-0 JL4 jjj£. £-«~o ajS| ^1 UJLi OJ^j jj 

^1 J^J^ 0jL*p ^ J^" O^^j 4 ^^“1 3*0 Jl^S^a Aj^)j wLlp c^UL* .j-iL a Jl Ajjlx>tll 

3^1-01 ^Sll li" ^>Ul j c^j*-S/15" ^=4 .j^-Sfl y y-ij —all 





jl ijji oL*-jJj 4 « * *t 4 <•)!J-XJ .(j£^b* 

<Jlj^>-Sh <J 0 £<+~» cL lj^pI Alw* j-^Sh O^JJl yt>bs CjIS" 13^ . jjUl ^j*Xj c3 ^ «**«.> j —tX 

OyUa- 4 

objjt-yill ^aJl ®j-g->rS|l £y^ ^b*-^ tjb~pVb> 4-L»1 ^j JgcJa-JaJl JL^ 1 -1 Ji; P 

<J^<Jb£ . j-^S/bj 4 j jL» Uj yS 1 0^1 / 0>L*^AP OjbS"” L^J-« ^IjLL^i ^Jl \ g «»> Aj 

J jb yA ait^ nm 390 J,i 4 ^-jaU J^ts" b-jyaJ nm 770 j* b^L ^ ^—!l 

Oji-vaill <Lj ji.\ g\ jj*S/I <J^jJ^I )g)j cL.: c pS/ j^" aJL^UJ l XJ^il ^1 <JljJgf XiLig .A^r^*JJ 

C i tJ.UjjJl O^jjL L-g-Uj £-flJ A-^-jil Jlj - U^/l J ^JaJ .L - UpS/ Ap!«_*~-AJJ 

(1-18) Aiyu 

?A 7400 JA 9 (* 4 rf <^ 4 Jlj jj 4 J' ijy y L* 

(1-18) J* 

7400 A = 7400 x lO’ 10 m = 7.400 x ot Jia-V . 4 *>l J> =W-b «> 

: Jb5l J^Ul />U M J\ >\£\ lil . 10' 7 m 

/= 2.99792 x 10 8 /A 
= 2.99792 x 10 8 /( 7.400 x 10 ’ 7 ) 

= 4.051 x 10 14 Hz 

Cj ojtib 4jjl} tjilJL» jS (JXt a dljUaP^I .THz 405.1 A»*~J' oJlft (^jL-—j 
j>Sl i« j»- Jijj 01 .MHz 100 UoJy ^Jlj (FM) Ijiiy 

.5^j* w t-j^. SjLi^l iij3 

(2-18) U«u 

4>- ?wjjLdl 4 j*Ia]I Ja>- jLJ j-UaaJ^ (3 (Jj^ ^s*y tjL* 

,(i<U ^lijl SiJj) Hz 60.0000 jj 


( 2 - 18 ) J* 

HijiS\ *ij\Jj S^r y*S J yO 4JUV3 

>, = 2.99792 x 10 8 // 

= 2.99792 x 10 8 /60.0000 
= 4.99653 x io 6 m 

Jlujaiil (Jl ( ^0>jV' JaP- iiLj.1 iJuAi jt km 5,000 (j! y- Oili <^_}0» — j 

.A-O^jS/^ o^la .j LjIa* ^\. ^ .. t . l l 





ELF JjA* 

J jli -1 yxj i?ry J j!b jySsj .fr yJg \yi>- AjIj yisJlj Ajj y^vJ^I SyprVl y yi^xl' jOj 

0<-L& lZjIjJ y jl . 4jyil^)l i oljLMj cjJJ A-*-»LJL)l oljLi^fl <Jl j]&\ ^jA y r I 

.ELF I b* yj /U*- 

ELF j 4 U 

.Liy? kHz 3 Jl byo oxiLj (Hz 1 y Jil) :oy yu^l y cty ELF —U Ijl_» 

60 ybil jl UJl J Uyi yTS/l ELF Ji^ iiy ^JLj .km 100 y J^t 4-*y Jl^kl ^Ui j— *ly 
3j dwL>dil oLj*y^Jl 3 4,4UJI ajLj j4^\ 4^L*iJl Ala—Iy oJla ELF c'y j'-M >6 .Hz 

4_i]a^4 3 ys^ jJJbc .(Hz 50 Jj-bl J***' <J **^j^i) •<£ y-Sfl jlUJl Jy y JjJjJI 
yj^l ^ ELF g\y\ Jiu: .oU>lyJL JUTAJ ELF at* cU>*ill oW^ J 

.^Ip^i obiyll .Up aj yyl ^ JtiSl y X' *W c-*j 

yjLw'yi yixj c^I p^I y c£*^l /Or- ^aa^rdf jj jif! £ UJt'j y >Uaol ib 

jf x Aiuii JjI j> yJ ELF Ja>- jl .v*J?y£)l 4 ilkSl y j£LiJl lift y jjv- yp <-J>j—*15 

Ajcjl ELF 4iU? AjJ ^J .<>yjf oipy£ Ig.alT j<r bl Oyilj yyll c_~—J jl yf>U. ^Jl cl_*lp 4*-jl 

iS^i ELF J-4^- . <jjy^l ^ (^ t<Li^Jl IR A^jl jl -UJrl jQ?j—o aIslJ^— Ll UV 

ELF aSU* /jA aJIp oIj yol Ju»Sfl yl? ycil Js>LjjIj *LJuJl jLio jJLSi ^-4j .^pIjo! J?LiJ 

4^*wy^J y»r- C-y>* JJl?t ^yj >JA 4j^ .Lit* <>u>wS ^j5^LjU>* OixJaJl Jjpj 4-Jl-nJl I w ^ o ilj 

.a 4ti^* 4 .cytS" 


4^bdl 

Aj«^ 3jA-jJl <ol jj3 ^yJl ^jA 4ll Ajcj^l ^^ ^UJI JpjA I jLpr JJ->i 

Ay^i?AiUs> LUi CRT Jej& *>p5-l ^oj) . ojyS' Ajlpi cyi ^il ELF objy* J—?-l a. _yS^il 

Ailjall jjiS^Jl yy«^]l y ^s-ly-^l ^ .(Jaii ELF obiy ^ c ^—LpI oliij — Ij 

4-^«-Ja43LL? aJUJI djii-yaJl olyywo-^Jl ^uj \ . 4.^», J r ?y^Jl 

Jjpb 3 jyoyiJ! s-Uaiilj oUjy^ll^l ^y*- ^Uajjl ^Up jj-saIIj ^jl^l tl-^i cCRT <3 3 ^-^ 

^ip^l (jw3l jb-Jl 4-jLJlJl bJ-iP jly»- 0 Ij L^L^I otjjy$^l *CRT _?rj 

'i/yl>' oUlil jJy ,4-jLiJl j j»P Aj jy5^J^I A*yLl A?ry c_3l^^1 0 >LaL* 4la**ly ^t--J.I 

bl 3y3-l i>_.-Ia*) .Lg-Ab^l jy^AJ ^Lp lAyaxll C^JLj Ai>wu 4 j y^ t >ll oUjy^J^I JpLaj A***.-j.la ;»4 

Aj^Jay^Jl 4iUaJl y* JL>ry c 1-4 Ala^l JyjLl j oLolil j l^**o . 4 ..^ a?o> obi^ Ij 

(Jlllljj .Aprl^Jl y-4 4 joI| A^Jg y^lil 43WI y ^5*1 CRT yjP j^->- cJj-lw? i-Jly y "Ax-ill” 



: T-* tjAill J-asH 


—i ,1, 1 *>...■ .JL) , s ^ijl^l dj-A Q~ 1 " tELF A.fl.fl - *- 


lil 


4-iLiJl JUbtio ^,-3■_S (_£jJW?J j*ll jl^Jr 


AjUaJI 


0 * 

^jji ^LaJ^YJ y-;.lb L^ajl iJlAj . LjLj- 3 iLo^fb ELF AiE? AjL^ jjJL>o 

^jp ^\jCj\\j AP^%*u ^jjbi-1 .^A-*b*l 0 ^ wwJL^r \jj\£* ~y-^ ^I^i.1 Ji y***£S\ 4-iLi ^UL* 

(ft 5 J,1 y-) m 1.5 Ait^v* tg-soxj al* j aolyA pLj 01 .A-iLiJl jjJU_^ 

.^IJbtL^Y aJL>- (l »M u^L. JiSM > 

t AaISL* Liil .v^* p-P^Jl ^jip .ELF JjA>- ^j^bp- ^SLio ^^>r { Jp jP dj^prl J »jh 

{ jP ydl ^jp a^UI jJi\ aJL*j aJLi*M c->ljotx)L j^i^ll ^?L>«_j**)U ^-*JJl ^*>L-Jl \—41 \1 

• ELF JjiL 


a-L& y 2 *-*. *J±£ y ELF C^bUol £-* A3J-M*» aj£*-f ULp-Sll ^/aju (J ^y-» 

jbgJ>r ^U-j ^L*l 1 g »'}*" ^Jl Ak^jL^ J1 t^LiLjJl (^A3^ jjJ .\ (j^axJlj Jl *i aj prSll 

.j>Ul s,^aJl yY3 j jp- LgA3^7 .ELF JjA>- <~A*y (jJ cjLiJl V ^ <.y> jaII 

J-ii3^1 ^ ^LJbJl ^UiaI dJiES^ c-jJL>rj ^abijl ELF A^0a3 c-j-Lt 

ELF £^buib LjLg-« c .-’^> El .jj>i 1 jjp ^Yp*^ 1 ^j*/gLl ^^pj ^ L&jl^Xv^l ^ *^7 

.A^^L**y <- ^ >1 ^j**.AjL^y* ^jl j >^Lp !«X>-1 Ci^XLp AJLj ^1 >>^JL1^. 1L^ 

RF ^lj-t 

.mm 1 j km 100 jy. j- jt } 'ij (rf) ayil i ^~J &1 ^ju 

.GHz 3000ij kHz 3 Jx **jd\ c jly lil g;t 


RF A«j^ Ajau<ij]| 

.isr^ll JJ^sll ilN-b »Jj-Ij SJ *-•}>■ ^ Jlf ‘ri^ til r f >-M 9 [»-*^ 
aJjLoJIj (UiJf (jj*j cf-L*- ZJljdfj (<JbJ}j iZjau^jiifj j tfjj* ZJzJ^di cjbiydb fjJ~l dJl* 

cSHFj cUHFj cVHF j cHFj cMF j cLF j cVLF ^^JL J ^j ^j . bUJJ Jullj 

.j}-\ frLkiJl j A>r^^ ^ (1-18) Jj-Jrl j AjjwU .EHFj 

-^-y/ jfiLjJJf 4jjjj>fj£tjA% LFj VLF r ^ J A3lWl ^Jb- .fji-1 d JJb aLju j^j_t 
jSsj |1 ji 6/h^l £ls*yj jl ^j^Jjf ZjjJlijJf £ fjA yb 0L^-S|1 ^yaxj j HF {y>- A3lis> ^p^j .ZbjJsJf 

C^E Ajjj^I^ ll ^1^»N1 ^jP-Aj .(AjS 1L-*>U1 J5 ^Jl Ayw-sJ?^SOl ^1 j^Yl |JaA» jj Ojwai 

,4jjj£j[lfg-ljA^b jLp-Y y 2 ** (3 ajUJLI aJI*J 1 oEijill oE jLJl AijLail c->E^^ill 





•lijjll AJV^j S^Ij AjjJsIjj Ajljj* lutj*. <J£ JlLaj .(?y) jll clilAijJiSI L jjJb ^3^ • (1 ~ 18) 

•**>■» J>J 


AA>4fl Jjla 

jjjai 


km 10-100 

kHz 30-3 

(VLF) OljjJill 

km 1-10 

kHz 300-30 

(LF) A.^ul) oIaj>11 

m 100 - km 1 

MHz3 - KHz 300 

(mf) a in > ujo^ii dii jjjoii 

m 10-100 

MHz 30-3 

(HF) aJUI CjIjjJ ill 

ml-10 

MHz 300-30 

(VHF) tia. AjIIjJI CjIjjJ ill 

mm 100 ~ m 1 

GHz3 - MHz 300 

(UHF) aJUII jji CjljjJill 

mm 10-100 

GHz 30-3 

(SHF) jl*ll iiiUll CjIjjjHI 

mm 1-10 

GHz 300-30 

(EHF) AjUU aJUII Oljjjill 


«X*J!Xj t<lp y*** g-Lyaflit 3j j^l (3 *b jJ^IJl OjliJi^iSS O^IS g" I stoj** 

tMFj iLFj iVLF l# Ip j£-io dJJi 3^-3 • <_/**; y^ .^>r_jil J_ji» i _ J i^ 

EHFj tSHF j tUHFj tVHF JS jt jf 3>- .HFj 

O^jVl 

aUlJll <5Ua]l j j£j ctJLii lmmjj .^liJ j^\ il\jjt AiliS" Jit llysj^ ^y2—j 

a3Lp <LjjJtI AjjJtil J AJL* ^3bJt 0 >LpIajj^/I (3 JJ^*t -Si 

Jj> ojil jLLdl c^Jbi .^^UJl (Sjlrl Js^UJl J S^ldl oljUil Jib X 4UV 3U-itr ap^~_)I 

i,iJLii ^t4k-v*o .Aj^oIJ l ^Ij^S/l 'jv&juj ji'$\ AjL]^ jalC .jui^Jjjtyi p yaij o^J^- oLpLajJ 

.LSo? Jl C-»lii J^\ jLiu^l Jju£ J 4jL-Al dJlju O^U<aJ^/l 

.Z) lajdb y&W.A ai^-t ^PJtf .A>w»lj j\P oiiJ? £>jt (3 i£ J*Jl jA-l cJ^Aiii (3 (j^tlil ct-'-A—£ 

0 

V .jlfJi pUjt iaii kj*-S^jji; (30 mi) 50 km ^-L J ^Jp 3:> j*-^* j 

JLp Z AjLjaJt Jb-l.0L?“S/l 3 L$*iC J> tAiL*Al oJLju Aj j-plJl o\lyaj VI 3 AA-JaJl ai-ft ^ frwJ 

p-p Jl JLp tJ 4 J 1 *Ujt j JSs-io -i?r jjj £«ia— jy Lj^j (50 mi) 80 km ^JLj J 

.A^» obiy 3 ‘Oa—^ill Aj J\ O^/Uaj^l E AijiaSl . jL^S/l j2*> 3 3 <ji^S Aji>-^>L» 

^ *Uil ^jUrl 3 JSLio FI ai^Jl Jb^l.jSJ . FI lUJfjFl iZjJ/J* Sfl oiL Jail ^—P-a; 

JLp djU !AJ Jit jf jSJl F2 isjall Jbrl.(125 mi) 200 km ^Lj ^U;jl c^j^l 

tFl ttjail c ^a^- Ujllp tu >j^l jJQail ^jU-I J j^l Jji (180 mi) 300 km jJ—iijl 

.F aJJsJl a3L^-j F2 3jLKSi ^pjj 






Jl£*l : jJLp 


/v2 cFl <>E <.D ajVI c^lajall a ^^ JI olpliJjVt (3 — 18) Ju^-0—^ ^—v^jj 

A^aiSijll oli Aj^oI J\ ^1 J^Aij^ Vu ^ia (^Lp oLa^laJl a-Lfc jJJ j .<j^jSn 

VHF Obi jj y* AjjywJjjS/^ Oljyllll Aja>-V-* ^SvJT . AjJbJlj 5ja*-jlilj <Waji?*-J.Ij tlJj*- 

jJLp ^juja-aj JaJii aj^jT AjL^JJ < 2 ~Ljc A-^JL*>^Jl oVb^ajVH oLa^laJl aJLfc V . (^^pl^JuJaJl y 

^Jl y L js MHz 5 y jcu*H\ ob* >ji\ oli aj,^ l J\ c l r Sn Uj ^ uj Ji ^jSlI 

5-UajiJi g r l fl^ ii 

(mi 180) km 300 :F2 AiL 



(mi 125) km 200 :F1 aH* 



(mi 50) km 80 :E aLL 


(mi 30) km 50 :D AhL 



Ajj^all (jjiaUall a^A JAJJ .A_iOajVl QjlftjJa I^ 3 “ 18 ) (JiwJl 

.Ajjjjl^il Jil Auiiula^SlI ^1 jJ)i\ ^IjLoi ^ylc- 


^■ UlAAjJ i JsLuu]) 

* * * * 

. iJOs- J bjJ.i JS*^ l)j^o .AJU*» <U**» (Jj b^b y **1 A^^k-oJl ^JLil 3-X P j| 

al^jl Oj^j .Ltjju ajo- 11 iJLj . ajUI SjjJj a„»^JI *-aJI oIjlpT j uJLaiil IJla 







4* UaaJtj oUl 


<S\ Cf* £_aJl) iljpty tL/^lvaiJ r^* AP J&\ oilp £aJ| 

•by 

} >“j <-F2j F\ oUjaJl 3 MHz 70 ^ oI:j jbol Jb V“~-^ £*31 3jji y>" 

0/3 N Ujlp .£ ^LkJ! j jUjJ^ MHz 200j 150 jy^l olw/I oli ^ jbiiil 

iiy jt) (MUF) ^Lt/f jjyJf 0/3 jji —^Jl iJb a 

A*JtJl djji (j MUF 0/3 . l£ jbJl (_£/■! ^Ij OS/ b~~—> b< 2 — a>k^a —^JapVl 

.Lib j£\ ^/Ji <jj+r\ otWi oS 1 Jbf 4i^. v/b jf 

3 oibj o^jb^Ai^/l ^Ja** /p aa» iP ‘04^2 ’Ip ^a ^**+**+zdi 

A*ilp A*j^ 3^I Aj^jjJl O^b»^-»b0 ^jA Q*X)\y*A ^ibill jS ^ali 

0^ U. .jbuaj'^ J//I j^JaJi olpbx JUj /aj gA^aill J ob y >Jrl oi-A ilj—>*3 .4P^ \\ 

AjL^Lc- 0 b>-^ 3 0-“^ • ^**JauIl ^JJbM Aja*0 ^jL^J ^3 cbJbA j y>^-A ol w ;M 

^ JJJl *b1 aJIp oIpUjI Jp %^Jrl t\jj>*i\" jf "aJL-JJI *1^1" cS'j5 JbJbj 

obi/I { Ja*J (3 o'Vba^l /aAJj jl /3:.. 3 c£ji^/ jbijj^fl -bj^O. 3 c£iJ j 

.Ob^-Sf^ (jA 2 ^. 3 jjbl /IbJl o^ ba^l oljb .01^ 

rjA A^j o3 bj^ 1 4l->JL^- L^l JwLj (CJj 3 oljbtoij^/i OJL^- ot 

C A>»^>» ^>J>J 1 clA Ij 1 *>. .,- ->-.^J b i? . - /? Hi ^.bJLxJi ^.Iju ^ . Aj ^JmP 4.fc« J I ^jlJl fl^) 

. ^-aJJ iJbJl £A aJsljI jlA J^\ j-Lj 

A-uiajVt 4 a^a1I jLuoj! 

«l 

^PJU) os+ZLlf 4->rjlf .'aL/SO oL 5"^ ib"^ y/ AL**^i/ jO^Ua ;^/i 3 

Lij ,|^0 Jaj>- jij 0 4j>r ^ll . 4^,1?*.* if 4j>rjlfj 4 'L+S^xJil 4>rjlfj (.(^JzJl Jsj>- <Arj£, \*Joj\ 

* * * 
bU ^^JjLA Ja>- 3 biO*^/l 0 >b?I^A^ oUl jA O b Jjp ]g a9 ^ _ 

3 bjJ jp uux^ Aj^jil^ll oiiila*l 3 j —> 

3 ®^JiLli A>r^il 3 ubii]l ^yajt; Aji^/A-Jj^/1 • Jjbi^ Ajh^Ij 

.3^iLLt Aj>r>1 JUrlJ J^dlT A^jSl! ^-1 Jg«f .^Sll ObiI^JI 

A?r^il JL?0 .Aji^jiilj AOC^^fl A1 jc« AJjl ^jp jl ^ djU-^l ^SCjLJ 01 

3 Oibb^- Ob^"*^/! i j^*i 3 0b>- 0 ^J .Jbfli^l 1 3 b}) oA^-^ii a***»_ 

jqj la?^ ^JuAZw*bl^ j <>l j - ^ , 015*” a!* ai^tJkt ©^bi^/i OjSCj aJL^I o j a 3^ ^ b H 

.(m 10 JiSfl v->' J 1 >^' ob) MHz 30 ^ JpSW oliiyJl 3 Ub jJtiJl Ub o^ 

3jA>- 3 ba^ OiJ^~ .Ojljjl ^a \ijpr j A-^bT A^?xja<*»!' A>-^il ^Ja7.. ;7 

obi3 ^AJi^>b ^gjbJa^b>- 0 Jbi^-«lp A^aaiO— ll EM 




JtSLif : J-AflJl 


jJuzj .^L-t J^i <>■ y MHz 15 obi^_ill J *brj —j V .MHz 15 

^r'yS/' .ikHz 300 kHz 9 <jy ol^:yil j oly>JLSJl <J>MT jy- J old a^JL—— il 

u? 'VLojixv-i Liaj jjji tA*v3jSh ^lySiL jiy-S/i <3 Ayja-^-Ji 


LaluU Alt E jt£L1 


tO^Ju^* jtdl iJlft jl . J»jS/l J| ai** 4 Ajyilj obijJ ob oljLiil ULrJ £* 4jj\jLJj/yi Aja-JaJl JL*J 
jL»ji>-t jj£J , ^ --T^trlf J? ^LjLz/L ^y .la»^Il 1-U& { ^g£'>\j l_\d .ap^—*j 3a^^JiJl _y~^ 01 

(j UL?j jLLxJ'^l y* Jxdl lJuh .L)^cj MHz 150 j 20 Oy <Jl ob:yJl j§ lj>. — ^ a — I jJ^>- 

ch*^ u^-u^J iO \jZajL£}\ y ob* dJLP AJj y jbJLxi^l Jt£ 0j£) .MHz 200 J| Jva; oliij—J 
.(mi 1,200 J| 600) km 2,000 J| km 1,000 j* c JoUL^ J UL^I o^Uryi 

ol y^> JLP <Ojjj yS/1 ^jla^ . Ol-iUlil E jLJLjL jLyuu J Am^LaJI FM Oo A®y>- j —jLiJ 
j$ jly-Nl i j^ ju . t3 c.'.<»*»il E jLJuiil y Lj .3j 2 o>ljjJL)i a^Is-j t a */3 a^^-dl (TV) ^jij alLII 31 

, AZ*+s* <2*)\ L) ^£i ^yP J^J^O jJJi J , (2A >t~S>\ l l _ < p 4^7‘\ t_3^iil 

JnlA - IjjjjS jLiHI 

jjji ^pjj . AjyilJl ^1ySll obiy yuu Silp JjjjNl t<_£ilp jjP J?Lio iyrjj 
(mi 250) km 400j (mi 40) km 25 y y £jiJJ jyLJy>Sfl J 1 

^ |*3»<^ ^*yA At 0^ C AL*^\iP C ^L«. ' «^fcJ 1 0j£j C lj j 1 . 

0L*JiP jLiol UJi .JjjjS/' ^ A^*jij p—util JaJ Ja>- JLp (jOiilj 

Ja^- o>^ ^“J- 5 35 ^jA jA^a\ J-5l-il J^»Jl (>S/ JijiJri JjWl 

jb t jj^fI J jjjbjjj dilp Liil j^a tMHz 30 f^jA obij! j 3 jbi* — il <Jl*>j >— ^ 3^ 

.FJ E oLiJa jS> !^jJu~jy}^\ 

® j\j>- <-r-r-^i <Jiy j£ L Lfj^\ Jl S-Uaili iijJ J^-Aj UJj - P 

dJlfe (_^iJ j jl /JJ A*?rJlJ?rl oi?>Jl AiUaJl Ojil 2alu:L\ sJlA ^pSJu .illSo-^l 

>L ^Sll jjJ AjjjilJl o^[L s aJ’Vl jl jLio'yi Jl (jJbzlf JJj~dl jLzjJb oyj jjlj t5^UaJl 

j>-?r«_>- JLp blupl jl jj j A-jaj Jl A-JliJl y jLtpl 4jijaj ^jl jZ ojl ^a!*j 1 yf iij *Jl ^cZ u 

jy £Jl J^j^ A-jlb" jjP jy*Jl jf 4 A-*^SsJl dj-A jy»j .{£j^rr 1 c-3*^aJ 1 Jl AjyPi cAJP y^ i -*J ;'!' 

jb t jjl aJsl>“*>L* ^ .Lj jbj 1 y*Zu^A jjUI j_^j jl -iijLJl y JJj pLj! coL »j 1 *L ^ * 

Jij j^Sh <Ja}j>- y Jj oliL^i tMHz 30 y jy£j JL^S/1 obiyJl J Jd^l «^jjl 

aJs^ A-^oSl ^>lj.l y£\ j^ll ^1—4 j jl bLki —p 1 (mi 1,200) km 2,000 

.JUo^l A }^j tJUj^l 



ttAiteflllj t£ly»Vl oLJl 


^jjiuijjjjill fUaJVI 

(mi 12 -8) ji km 20j 13 o^ APlaJjl ^yiyj c^3Jlj (^yM ^3*>bJl ^y* yaap-l ysb> 

b>-A>c O' y^C *obiy ^j^l ^y* Ajyil^ 3 l ^71 y*S/l jbbil ^Lp 4 -ajaOkl oJlfc yjj .yb ^yjyl// ZaJsJ—a 

m 15 y* y^$S/l a*>- yll <Jl_^S/l (3 <oali>*Jki bb$\Jl o>b (3 jb-^j^/l^ 

Jl>^l j W=>aw ^ yb! Uxjt 0y>l iS^ji .(MHz 20 y 4 JpV» obi^-iil Ob) b^_i; 
Uj^p oljoUl ob* oyc .(MHz 100 y* yTSfl obiy)l ob) Lj yj m3 y 4 

. db ^x* ybx Ji <^->Lj1 Aic t^lib*** yp b^j^/l yb^xO y^£ i (^ j\Ji**ij}j yd I ^bbu*^/\j 

.(^j^ri O^^taJi J 4jy iljji ^\ y*^l jb*«5\jl JjLP (^yjbvy yjl]l jb b a^J £j LbJl Ja^jJl <JlJ>\£, 

c4jbS^ j£\^ bP-b* £,lyAl Oj^-i <JL> ;> oi^t> jly£ y^J*. ' jb-^J^/l ibfc O^^J 

4jjyi ^jA yS - "I ijbjl $,lyil ^bb^jl 4 jj J& O^^j , i^bJl f ,\yil <3 J* b wj t._juJL^-\ $.\yii 

fiL^yi Ail >( J^*^ll y 4 0 y- 5 "" otib~* Jju ^lp Jjb**)U 4 y s J gj^^Ji JyJ“l £,Lb^/ OJ-b t£ijJ 

.TV j FM bJl oljLil JUol j ijbiJl yp <blp 


^jjiuijjjjSit jjUUI 


• MHz 100 ,y oljijJl (j 4 jjjj1 ls^ ^i_j*>UU 0j —£j 

. V,/*111 Obiytj tUHFcVHF d«; J jiSl t Jy o'JUTlM j^o ^_?Ldl -- 

jJUlji jjblJl jsjt^ jUiilj JjjJ j—tt-dlj P-U j 

* 

b^i>«o oLpUjj' ^^Lp oilP ybill OJL^ .^y^ijaJi /^p ^y 2 — 

.(mi 10) km 16 Ji J-saj“ oIpUj j\ ^ o'jJtiJ' Oii .AibT 0 ^j ^ 

oi jlA yb^jl {jA ob* ^bbj oiib» y-P Xs>yy> O^bflj' (0V*^ lS y-b*yjyJl ybOl ^bo- j 


b^bil o'JLull 


Ajlp 


Jj>ry .jbJi Jb-1 (3 A,bsi j) .^b^-Mlj ^joLvyjyJ' ybJl (4— 18 ) jSs-bji ^ - - £>ji 

jA Jb iy»ryll ijU' c'y^' ^jo Jubl 0b*" bl .^.b^-^/l <j] ^Jbii ' 3 _» ^ ^j\j>- ^y\ - 

j! Aib>^l| OJl 4 01 tJlTj bJbJl <iy ^yP-bJl frlj-il^j ^tjsL^._1! (j—* 

^yl^vAi^l -L>- <yj oljU^l 7t>jLj O' bslyt?r Atfjd * - ^ju *^/1 ^ \aS- bl .$,L ^-^/l 

# j- ^ 

.Lbb $.b ^U^Jl 01T bi b^b- cjbrl — b>yL? bjbiol o^/baJlj bjy* c^tja^Jlj 

ybJl^ f,b^-^/l obiy J cb-AP?; (^JJl ^yib*»yj^jy^l jbbu^/1 (Jl^-J»il -L?-1 ^/ yy l _ > 0] 

jb b a^l ^y* iJb C yLjZJjb l 1 ^Lbju^/1 Ulft ^yPJb . by ■ Aj 1 g “ Ai 

.m 300 J- 4 JS1 oLpUJj! ^yLp OL^S/1 Ja*+ j j c^JxwJl ^y* yijli 



J&ii : jU- j-.lilt 


AjUI .1 _*» 


^k.LoJ1 


jjU *lj«JI 



• Cil^Jjall ^ <JjJjl jll £-l^aVl jhUj ^ i gqjmJ :(4~18) 


^ip £jL«i .^j^b-Jl fJ^il cjy. ^jlbl £-l_^l {j* ^JLi? ^»*a> bJLLP «* _,.Ij 

(J (J^-H U^2j 1 .5Jj^til (ji yJrl ^ yjl bljj (J ^dlall olpr ^j-* -ftJbj J J -b 

Ajjj.il J )I ^Ij^^l 01 t< J-JJl (3 4-jOsjSfl ^j^U.*>ll (3j*J tjLgjJl djlpL* f.bjl 401LI ^ j)a+~ il 

.^j jOaJl ^Jpi-b 40 jO^I ^1 j^Vl L4 <^Jl Lg^iJ 4 a> ^JsJIj t.ijlJl $-1 ji>l ^ * a]**'.* ^>-b 

Obta j jb^Jl ^jA i_^>LiL .Axe jjp LJL-*^I 4*pjjj S/1 (3j^ d**b,<3 j 1 ^-ui>xjj a^Lp (_£ ^^rl 

.UHFj VHF olwy j 


(3-18) 4JU4 

cJbb d»jl . AJjUJkl ^P b ^1 vJl»JJ j>«JlU jULj V y*£- JJ *il j «■*«■’* OJj 1 J 

Jb“- ij .^ L ^ j/3 *>fc **<Jl 4*i *A^“lj^0 -*1^1 4jjj ^ ajj <*«-0J aJL> ^ 1 p 

5jLi^l cu>w>'j tjbul 4nQaj dOT.4 jUU 4-Aaju/ 5 djUi^i OAJi ^-Pj 0^ *j^d->'b/baj'yi 

fdlJi 0/o bb ,<s$ 


(3-18) J* 

J LU?j yP^l jjO J s y cs A-k-^jcdl <br jllj d^J-lAl <br jll 01 jJ& L* 0] 

C^>*-wslj cO-iii jLul AxOaJ jLid^fl ^>x^> ^jip Lk-^Oa^j llJt]l Jji* ^ll—)bj tjj__Jail 

.tfjit SjU^fl 


^ jjJ) jli i fljiati Jau U 

* * 

J jb ^aj b-Lp .GHz 300 « j\Jaa bi j dUi jiljj ‘mm 1 rf ^1 ^-^it ^Li ( AJL—j 

.c--J^lil viiii jjij APjj>* cX bJ-lj cUVj c^j jil f-jOailj cIR J^- bJli t^ilb ^ja ^ail A^rjil 






jaj |J1 j j cOU*Jrlj :dJb)l oUt 


f l jaaJI uxi 

J^' \J j^l -b^Sfl ^1*1 fi-j-soJi a>- y* Jyk> j A-L ^Lj>“ mm 1 £-L» IR A*-y* JJyl* 01 

IR ^JtL^a *Ju o^yJl aJMuj .AjO^Lj c--j 1 y» ^jA j! cJJl ^ja Jl£ a_»| .mm 0.001 yy 

<3^ jl IR b^L-o^l j .aaJLLI dJLft yy ac *1 Jl>-L j 4^5^il y^^/l 

l^*i ^Ja^ l JjLP djl^^-1 ^XIj L^J^Jj c3y*“ Ojl y - IR V . Ojlj >■ 

■ b£ jOxJl 

IR objy* .3 y ?.y> yy j~UaJ L» jJi IR jJLm*; Ul $IR a*J»S/ ^jlj ^jy» 3* — Jl 

^Lbbj aJL oliJ-4 OJLjJ Ob" bl .AjL j^S\ jV^bpj 4jbllj 4<bs«-Ajlll Aj jOa^ ^oUail ^y>-S/l 

.0L*JJ ^y^l j^aJjJl jJ C^~ W* 4 yc*£j 01 lL-L^C. {.Lib j*ha JL>-1 ^Js- JLj 

. AobJl C^lj^l^Jl ^)ojla j L^IJbAI-^l A-ysb^- y)Lil Aja-^ljj IR £^b0*l <_ju£b" 

APyja a il-lp^f! O-i-Ay ji.1 gyya ll yS" yj 0JL«AS"y IR yS" yj .il.Apl Ajj! ^P yyfiJl ^ySn> ^__Lp 

AX^Jy yl// IR) aII Aoryll (Jlyla^l C*>b IR £^brjJl Jj^i . <X->b***\jlJL; -ll C^lj^l ^-lp 

-ult <3 frly*b~l CU>- Ajui^b Qjy+P Jb^L" L»JlLP . ^ 6-Ljt+Jl IR) aL yJaJl A^^ryll (Jlyla'yi C->b IR c— 
olbjt4 .aJLUI AjJjil 0J4*-1 J l*^ 4 A>] .^- y^ 9 y. A-^l—Jl j^JaJ c^j^il c.j-,iaJl 

.^j^sbw^/l AS"j^>-J l-aJLv^J 3 f-lC^- 4juiS/\j cJl^531 


^gip A : prl>-jJl Ojwb ^P 4 J yy^A o^LjtJl IR <^ r A>%^zy Ojili IR Jj^i AA*A>- 01 

i y£- iQajl AJ^JwAAiJkl .Aj>*jUb 1 AJL*ll Ojl y>- ^jA ®jl^^"1 0^^-> <0^.^ aO^-IaJI Ojl^^-1 -l^bi^-1 

^lJbAlv-1 ^j^-C .Aalfc* OiljJl 0 jSCj bjLP A^kJUil ^bVl 3 oLS"^il J>-b ^Jl4 _^1 

^jA Jl>Ij-J1 Jb j Jj l^-Ll 4 *Jj 1 3j AJbuijl AiUaJl C-^b ^Jjbil 3 AJ> O^LoX-x^U jytljl U_ 

. JJJl 3j ^%-Jb*Jl 3 (jbfcJJ A^^Jxil ^llOjl ^L1 3 yLl—o uybbl A^- 


^Ul 3 aaa>- Jij cljja^- a]a^ yuj A.0i>^x* oIj— c. IR ^L*—i| 01 

IR ^ Lw^*»| Otabui* 0^^-> bteLiP . 0>>*^.«sb^)l y yiy ^J-s^I-aII ^ejbil <_A*A^“ 1 Sfl 3 d~\pb*A^*JJ 

Ajj^fl 3 3^'y~ oLUJl 3 3^'y^- ^bui^l 1 i-*> 01 y^br. . lijy>- o*-—J 01 —* a.—11p 

IR ^l-*-0l .AxjL>» (j\ 0j^ j%-^Jrl ^-Jaj 01 ^j^y^A <Jj£ 01 Jr^-J 


IR jbjiJJj'y 3 ^-^. . *£■l^ ^IjJa-s^l Aja^*#ly ^1 AjJJl aL.LA.11 jL^»_Aj 1 A]iL*^ly jS/1 ^- 4 b i, -<v^ 
aJO tUbP^l ^ JxSj 01 (Aj JlJlaJI fiy>ftilll ^1 jil ^y* 10 7 x 2 ^l^i) bu> 20 ^*)b- ^yp ^*!-b _ll 

. 0 ' jJ>y\S 4*.,h> La jjaJ owaJ ®yb 0 ? a! a*^ ytll 

# ( # 

L^Ja) bi^Lp 0y^> .IR ^^* 1^ ►»j*> ^ yg . w < 1 ^l3LLX j\P) liLi LjS"ytl t3^L*il Oy^j 
• Li^ nm 2,000j ^^1 770 o^ Ay>r jil U>lyUl ^a> 3JI o^iJl IR ^y* Jyix-4 —j 

3L 4 jLp ^yy^i . Lj^j nm 8 ? 000j 4 ? 500 uy A^jll U>lyL?l ^jly7 ^Jl IR x»t£- pbLl jL«^ — j 

.nm 16,000 o^j 14,000 <0lH Jlybl 3 IR JL^»jl (CO2) j—SCll —5"j! 

^Ja^J l ^Js- iS yir\ cJ*)L*i}l 3 CO 2 ^' l>x -i. *IR jL*Ilj 4tybso]ly c^Lillj <.j —Jail ^^iJ^—J 





^3 CO2 O^ (_s^ ^ , 1a. . &Q. *(_}^^ (^^"‘■‘H ^>ry* CO2 lj» j "& ' ■< 

p - * . * * 

4J?*'I j->-i (jjJJl L'lil jou Oj ,j^j jl ^]q^ djl^>- A>rji \l«Mjl* 3 b'LflJjl 

,^>rl>-j]| C-—J1 3 ^l>-jJJ jj-S^ ^j>- d>i 4 jU^4 jyS (Sj^r\ 3 CO 2 4JLJL>- ^j- 4 


PjJall 

^r^j" .nm 390j 770 £jl>> y Jl y^> y~-^y *jd-l £-—^ 
t ^ l ^ c jiv’Sn f tJUjjJ' A^LiJ lOr jll J j}p \f\ y*~ SL^laJl V»r jil JijlsSn 

f * f 

yLlil ibjj .i*>-^il c£jd"l (J iwX>- J-J>!- ^£j-aJI c£^ 

.jL^jJl £.Ll>! tMjj jjQ ^ ***? <w> ' ld&^ .Q } .< Jg . ^ 4 jLa (3 ^^*-*-**■£3^ <_£^ 

UJLLP 4-JUlJ y jl 3 j?* j-* l-Lfcj ^^|5I ^Jj^iaJl 4^-^ii jh £^0aJl j —iLij 

y j <uv?j^|l AjjjJJl c^^/L*2j'yi ^daj (j d*^ 3- *^ 0 jill 0j^> 0j— 

.3 ^3 (j jii £^siaJl J^ji jd*^J cOL^^xJlj ^cyLOaJij t^eJjJlj t^]aiJ yy*. -i -J-^ 1 ia -^ 

. J,Ui 3 £^0aJl il^2 jL^- J^2il!b Jpj*Z i— 

Aj^^iSuli 

jy(j 51 3iUaJt ibjJ c«ly 01 ^k^-0 Ijf ^vail EM <— AJh^>\ <*-y J 

.Lrf .js nm 1 JJ Jsu^jj Lj nm 390 UV r}y\ JU txj .5a>- JU- 
dl^i^S/l (3 ^(w3l>Lii L«Lc bLo O^^j /l d>^ ^rn 290 djl? -XiP ^^ ; 'l 

0| .^*«-<»-Ju]l A^ r -«*«.aiJl ^35 jcO'^1 j\j^>\ i y ^-^3l 0-iJi •*** < X*-?r^il 

^*.^.«.i^ d ^y*^ 4 (*£y^"\ l3^jl)1 ^LpI (3 j! ^ ^y 4j Lj y ?^ 

. QUa^aJt 1 Ooil 3 cUV .j^jLJI lj-& 

^L-jlxJI ob ^Ijyl^J! ^ V JUJLj OJV L^l>1 UU ^^UJl ^Uj3l jod 

0»»1-E *X^;^ V_ • & I l ^ *<* ^j- 4 £^3^1 1*»XA j ■J^LdO'^f Ax?rl>r^.—Jl 

^ c L^ljX w ^Ilvt* ^1 d * «jd 1 < * jLj . t c j *> j d^LLl diljdil A - a ^** j ■* 

3 ^IJj UV fl j^J>r'yi ^4 ^jj d^l jytyflll di il j \ai 

4*+»Jb j-^vJl 4il]aJl ^jL) OJb^ 4 j P ^ J> ' ^>X>»JU-o <^JlJs 2J(^yLuL* j^j 4jaJb»xil 4_^jll dlj l^'bfl 

4jLp- Aj.^L-J- 1 jl"^ 3 ’ 5 ’ .UV AxJ^Sll dU^ J»i ^J>^ IR (j* ^V’ 5 '^*1 J J>i 

(^JulzJl d - ®^ l-X-^ (5-18) d^-^1 .dd 3 ^! j^« d u^~ ^ Od^dr cbbtibj 

A*-01 X 5jc 01 4jii?d‘l 4j^l-<iw4 d^blAP 0b>*S!l td 2 ** 3 ^-X>«JL^J ,^f^ya__]| 

CAjjj^vOj ^y?l ,(jL+*l£Ji UV) UV t—3 ^*1 jilj Ajliii ijy^OA jl Or jil d^blp 
^Li flJbw-l ^ .(^UV) aL> UV d'>1 J* ab^UH \j^\ r L 3 d-^— 

.A*->il3 UV jy^ £.10*0^ tX ajuOI U Jj>- d! A^io 



t^Laallj cOU,..w^lj ni-JliJl oUl 


j&aJ C ljaiVI 



4^al. V^ml (jSai gfjillj i fljlnll (j^LLal ^jLJa^ll Ll’V’k.all l(5 — 18) JSwJil 

.UVj ^|JA»J JR gj W>-fl Jljlabu j*£ll g-L^yi a-4aJ 


O-Jlj>- p-L** ^j^*)i\ (.j*ai\ ^ ol* UV i*-M v^JULc 

C-J^jJLflJl ^ijJ LgJ^j JaJbM b^£lcj tJ^-Lll 4Jl^Ja~0 bil ^jJl iJlfc { y ol y ., <kl 

4ju!*SI L^L 1 dJL?r objj^* jJ^-llil <3 gjl ^lll ^p*S/l f.jLail ^Ux* *)J) .OjOLsoJl 

t( j*JUMjjJjiJb <*Ui cJ9yo JUrl (j ^i~*>* g-* yj cUV Ig-^yAJ -U—P .(UV 

^Uajjl JLlP APjijjL jjLU L &A*<as>- iL ,aaa (^pLLsO LSCL^ST ol> y> LlflJl Ojl >*±\ —J 

Uiajl CRT c£-^ jy ^^ill . JaJLJ liiN i-JJsL* 43 j& <3 jotill 0 _^j b)l UV 

<w~*il ttf.1 y>*-s^Jl 3 ^p**j LI .Cj^jLiaJlS^ <Uyt* L>- C->LJlS*" £-* O-l^ .UV Jl <W2yu -up 

. LfcJb?tJL^ 0J->L jl^A-l (j ^jUp JL?t J Lli .41jLw j ^j-^l <_£^ ^L**-* £> L 4-U (j Lrjl>- 

p^I L^- ilS^ ^1 .^jJ.I U^LlIj IR (^Jub <3 4jt*iJ g£«xJl ^)c 3* a ^__<ij 

4jLL» <^S'j* g£l ^JLp olJO ^liaj jli cUV J^- (3 ^rxlJ IjT I AilL> ^%*» 

tUV Jjljil ( j^9 jjc\\ l)I /|S\-C .Oi>j lil jjj az * ^ 015^ 

(3 JlJU- ^ )a «*« 1 «/J > ^g Jl^ L pJ O^l «^ ^ SJ j) ^ 

^^JLp tipuil ^Uaj J^LU X»->o UV ^^alll 01 Jl jjLi JJi j>P 

<3 ^j>-^il i— .- a.i 0^ f-LOLail (j^a*J .Aj Jjiil { Jp\ iw-L^c>- oUlOL- _ J^l 

ol ^jA j!-W?Ij ®«—(3 ^J** >Jl _Lpf 

jL' of tilSs-iil 0 *L- lilj cLJJ^ 4JU“^ CJ15" LI piJl ^pJrl JJ JA 41m L_JLpjT 

j^Jl ^Lp oLLl j,UjjI 







Ji£a( : yis- jMiJl J-fldl 


X Ajuil 

N) .nm 0.01 j L/j' nm 1 uy cAr* Jl ^A> j* x **-5»t o^So 

X 4ju>! ijb cLa^Lj .(x 3 j uilj 4-w^Lajl I_JV jlaL> (ju J-*^l<iJl JaiA-l ^1 p 4jsll>til £>-1^_Ll JjAl _j 

jll Jl^l cJ^J^ £* Ajj\jLA j£\ 

jij£ C—^jUt frL5i jj ^LIj j J-i ^ 1895 (j X <*-£»! C~<Li^l 

oIjj t<-3lS^ lJUJLi jLijl 015^ bl ,^jAa>w* la*./? c^- oljl*Jl <J aJL oljlJ 

L " -PA . C-- 1 *^*J j/1 ^4*^-4J ^ t^£ u 0^>«-Jw!il w\.<Ly3l\j lg_*Uajjl JeS' lv2y*lp IpIa*£»^ 4Pj«*» il 4. lip 

f.^ saU 4aa-« I^p J!^i>-l ^1 p djili o«j 15^ .LiJ-^Liv* J*$ tL^S^JL-i x 4* «*t> An «t>Vl 

Ij\*l\ J* iS jUU jl^>r j j^4U* jaIL jlj OJl>- .UV AaJ^S] a-amj j}S 

j£ Jl { Js- oj*b 4_ia_?-*>Ul Oj^Ul .j^a^jaII jJtj jj Js—J 

^>j .Jji-**jiAj £*ia— 4Pjil ^UajdJ* ^aU t jLJ^l Jj O^AvaPj -lU- jj—p 

. Lg-**A> 4 a> jjaJb jJ j-Aj j^JLi 

^UaJj^ll ^S> L&jLpr-j, C t^jlp 4P^ (J»i xj J—J jS> 4iuJ-l x 4juil l-*j JL>^ J *xJ 

* * a 0 ^ 

lJa.*»l;Ajgj bji^ (6 18) J^^*£»Jl fliLp ^uA>^ ^J-jSj 0*-^a^ 1 « a ■* w < 1 ^3 C. 

.uJjlu-l ^3 y**^ (^JJl ^^Jl t j> x 4jui>! ^ 

^jjjj£jj ^AJLa Aj3kj^« 4 ‘l% *a1 t^<a Aw kSXA 



jJJi .Lfcj-S^yJ JJ 4 j^ ibjJ c^ailJ yj 2 *\ x 4x-iS/ V>r^ii Jlji?S/l TX-^AJ bJU P 

<=> ^ 
j 1^>- >\yr J^Jio j>*v? t_-A> ^ c3j^ia3 J^jJ .jwaAll ^>r^il JjJaJl ob 4jt-i^/l Jl y>-\ 0 ja! 

.X 4^mwl1\j b^ v w j lilAi jy^-i 4Jli Vl (,3^* X 4Jt«il L*1 ^UV ji“ 


jaJ\j ifrUill j ( OU_Jrlj 


<* * 

d^L* ^jA Lpji.,^3* 015" I5]j tUj jjij *u**»Lf ajjI^j ^m5"Lp a+* ^Lp x i i - ^15] 

Aj jl J j^S\J jl tx AA-il A^r<Jjl? ^<2J Lois" .J-5"oL>rj^ <3^~ <j^L 

X A*-il ^ 0^ Lojl 15] .(^JilJJ ^ Jj) ^t] g~JJ 4-wjjL A^-IjL* t Ja—^9 i 

(s->) jyt (^—7— 18) ,a^j 5 1° ^ yu^l 3 jj1j 51 0j—ji 

i\jA 0j£j .^JyiJ J^JLj AJjJl-JUjl X Ajuit aJI jA jlpr a^*JJ J-5"(7-18) _ll j _* 

H ]at y LAli ^m5"IxJ| A>*ii 4j jl^lii X 3**il (J^>0 J^*Ja* ^yLpJ \>X?r Ax*#j ^*S"_/^ 

jf ^U-0] ^IwLP 0U~>» c3J3iiii J] X Ajuif jUi?-] ^ . A^Ij? Aj jljj j4a-^Jb 




Incident x-rays 


SJjljli x < 


A L H^w 'ball x 


^UJI ^k^ll 


aIui x A*ji! 


J 



M 

.Jaia AjjjjLaa AjjI^j Aj l^ftUajjl ^JC. ^Jaxoll (jfr X AjuOI ^ ! (7 _ 18) 

.X AjCkll Ajjl j^j J)j5jj klaSi <0 ( 4 -i) 

jicii <^3* oi tO^-J 0] <j j^j x a*oo 

j*-U- £.10^^ O^I-iOp <J$ Jju^jlljl i—« ;«* . C^l jJL^*JLj jJjij 0wL« 

-X oLp y (J] \]j ^ -* 








AjUiS^ jobiil jam -JJ aJLJI ^ii ^V>)g«-**»> .X AxJO Cy**-?L* Ja la3 ^Jl oljl»JL« 

a .3 111 Ay3"" jj& ^Lll ^•LrJI .olj.;.*.JL* 4jwaj ja aS’Jjt' I j j£j jl x a*J^! ^_j>x_>- Lja jI 

* <* 

tx AjuwI a-Li Ljajl < j^ 2 ASij 01 a3> ‘t , j £ 

~*jA otaLp 3 OU**Sfi $.1*31^ s.Lij>S/i ^Jgxi 4^-jJb LL*-p <*A^3 .AiLw-ll ^y ^a 

.^uju jjuii j^j u* ajUT 

,i 


(y) A 

Jg>- Sjj-S"” <jlLij-li ^t..<?' cj^iailj 4,.... J» AjuiS/l AarJ y? ^T..,r3_i L»-UP 

* 

Ulp Aa 3I 4j)aJj« UfewUP fjLJ j X AjuSJ A*U^« U&JUP ^Jl ^Jaiil A la a; ^ij ^lil £ty<a_ j 

.ajL^JI aJu& ^ 01 L» Joj L«Ip a*3I ^JoLwmJ .(m 10 u ) Lrf j-flj nm 0.01 Ag-jil J jb ^ — p 

* 

Agr^il a^wli L*lp Ax-il ^Jal^W .IglfT AyjgJ jAi-\ jo AiUg ^"S/l Ji^O t*lp pfll .,^ Ji- <u 

\jj*0 j£\ Ul .C-U^l JA JL* JA j£\ j\ C^U?^Jl JA JA Oi jU?~* dJ> -P j -IgO 

*\^ilj (0 J\ Jj>) V4J2JI t^pUJ^I JgLxJl ob il^il UIp A*-i.l jL” .x a*J 0 aJ -1 Or^SO 

OU-J^I Or 4 A*pl*Ji'^i 

L»Ip aaJi*I A*jai,*w .L*Lp A*-i»l aJI^j Ay^J^Jl <L&tjLJ*yf <j^faJj*Jf j\ —i*J 

* > 

Aja*-I^ aJjA-^ ol^-ywJrl oJu& ^ oijOJl <£ y ja oUy«_ ir I _ ls> 

ij,\ S"’j-4-O OJLL^ Ajpljt^^fl JL>-i Oj^J 

aJIp ap !»** ■ *> *^*p .OjPJ^pj —> pj—Lfj (3^— 

^\j jLJ A^aJ OJu^- C-^ A^jUl-l AjI^ -^-?r .Aji>«JLj jUJl ^jLlj clj jjS/i 

.jL^Jrb Jjyg^ J>- (j Ail? aJLg5^ A^aJ jtHj . jliJl AlP 

3 ^ c->Ij A-gj-lgr-J aOili ^Ja5 t£j£z. lja^w > Uajaitf- (8~18) 

Ai'^lj jJj^-jJL; a^za>«-lLI AiljaJl c->li c^0»*y^0J ^L^**JLi 0^^ 

Oj^il ob CAP^JI aJIp ajjJJ l oUl^ ^rJ -J* 1 ^ Jl J^ ia i> 

ja 

c-jbjl 3 ^p1 JUp .A^IS^ ap l " j£- a-LjLJl ^ L ^-j 3^c3 a1 ^~Jua 0 ^ a “** a*.^jJIj Ijl^- j.• ^aJl 

.aJ j,.g..»> 3 ^b*lp Ajuil 

AuijSlt Ljl AjA A \\ 

^pUJ^^I iiJjJl c^<3j c^pUJO i^LiJ ob 1^3 *\>ry ^ Ai^p j ^-JLa^ c.s ^ Ibl 

jj ja c^U-y^irl (jlJ .^P 5j^U<g Ay2?^p Ail? Jag-*}bu<« tAili^ ^aiiljj 

. (olp dj^w? oL*5") 3 b»j>' 0lS^« J5^ 3 JgLiJ oil j-^Lp 






CpU^Vl jj£jjl >j 


. ^C-L*_*ij jljjiJ Jauixa LLa. ^ : (8—18) ^LwJ) 

c3^L*Jl oljjJL <JolwJrl j»JaJ y tg.lva.ail ( y* ^iL>« yiP J^-jo ^Ln-i^ll _ *j ^j,\_ j 

.ilJbJl yJl J,[ J-*aJ (_£ypl <yj>r 4j ji> oL>^~s*- tfcjjJb c3JLaJ oljAJl o-L*j t(^yM 
S-Li iobj 1 jjaz-'i .glyaaJl yy ^LuS^i ^ y* 9 y* Cy ^C-^IjIJj (J Oy-Sbyail 

( ya3bJ $<bJlp caLpbbjl ^1 p 4-^ djbL»P va L*jlip *_ y»Jl ^—. «/3 j Si l £^L*_ 

^ jlsJi ^P L*J*yb iJlfc yaail ^LuJ^i ^PJj .gill yl C^- <L3l ^il oLL»P O^—?r L» Jj P 

y j > 

4y y^Ji LZsL+M*uj^-b gl yaail <boLail 4-ljLajl O^L»»*—^-1 ^P*Aj . Ayitfi <b >j£j! J^i yi ^ It ji 

4-31^1 . C->lj-Li^ L$y^ LgJuy^-y Lg-*l»Aja *p\ J^-io (£ c-3^Liil d^Lp J j& V i4+** ^‘J 

^ tX 4 ju£i iy UV d^La-a^- (Jj L*3*"y c4-iLp v^lpLfljj'y Jjj*,yail jvai^ yy t4^—- j ^il <LjyKil C^L^w-virl 

.^jUaaii ^jjlvail g^4 <^£>- L^jT vJJi 

tUVj ^ g yvaJlj cIRj c4jjj.M^ il ^1 yfy\ y* 0jSCii — il <.Jukil 4 a*£<I 0ySo" U-L-j 

^y* 4-**«wj jJl 4—j yxil oL»-ja*oL| j ySslj eg yvaJi 4P ^*-0 ii y>xZj o\J y ji ^y* —L*lp 4jc*i I j tX ^_ ±\j 

* fi 

tolly Jjji <Jlp oLp j+m J5 ,L*LC ySsiJ Lj^ aj gj-siaJl 4P^w«J ( JjU-J 6^1-* 

Lj yiJ jJJj LJ t4* i<lW . , Jl oljollil 4-llS*" y>-S/^ 4JLaiii oU-—ir'J toL)j^__^Jlj 

c^ljL-^c. c3^L»JLi $y ^Jl L<>wwvirl 6 »xa LJUai ^«***)g.*all dL^ 

^JjijJ <a-JjJl <-iljll jjP y^s-C .b-5*"j^vJ 3y>rj ^y* yP ^il ^^Ip Lj^ aJ L*Lc _* 

a j 

^y« <ii j>*Zj gLjaJ A.ua*^ lA 4 6^P-^J jLg-?r (3 oC .41 

Jaily^: LgjJjLa^j 4_Jy5lil OL^^JgK-Ll 4jjLc^ Jajl J>~ jJ y yA ^jl yp ,L^*yU_i ol_^-1 





Jl£it : 



(4-18) *JLu 

Vnm 0.00100 L$i »-y L»l£ ja JjIj ^ dyy »' y&-\ *iUaJl ^ L« 

(4-18) Ja. 


X>r-j\ AP j*m j (J y& AjlJail A w ...3 j - t - P ^1.* l l tfi l * j 5 '*-Sj 

'h c c y~^ ■rfaflit (3 


e = hcA 

.10~ 25 x 1.9865 L.>' Ac vr^ 1 J-^ tfjUi ‘>' *Uaiil 4 W=>_*£)' 

a^t o| . {Sy? 1 fl *._ •>■*i .Ai t— «i S ** li! L «*Ji ^ a i ' ^ 1 

5jti! j-* OjJji JT t) 5^1 ;*>lk!! D^j" tdUU .m 10 12 x 1.00 *l£j nm 0.00100 

J OjJuL* L*Lp- 

e = (1.9865 x 10 25 )/(1.00 x 10~ 12 ) 

- 1.99 x 10 13 J 


JaLill) 

^ya*j <_£y ^JiIj j . iJbt y*jcj Vj liL L^l .5 y c^* 3i jitll 3l ^—Ja*^ iSJ— 1 

4jliaJ) A^JLp- oU yJ* *j (,0 jjlP j>-bi (J>J* ,OjJ£Uj*A j\P ^^3 **Cj*j^ ^ 4 ll 

^Iyf ^y jwO ^A JpLjtjJi .A&jXO* XJjPr 4Jj3 Q>1 ■»;<** yg 

.5oljJlIi JJL£ ^ «JLa £^bui^(! 

toljjjl olj_5 4 jS/ ^^i/£ l^yL Lyajt JaLlJl 

.(a) Uff <^Ll~Jrj t(liL- ULiili ^'j) ^ a* _^ _iL 

5 * ^ 

AaILp 1 diLi^Li LpjaJ>< (3^^ ^((3) 

«/3Lt tAP'^MoJl 

j- 4 4 He ^ 0.4-J^ oU( 4 He) -4 ^^aj Uif oUl^ 

JflU^- aJL>» ^>wj 4j^> b>£w* ^JL*J AjPr4 —jIjA*>«-» 5» Lfljf i.*Aill^ .(jy jj—l+ij 

aJIp o 5"lij JUbj taji-5" SJbS" UJt oUL«i- *JLJLLlc .objjt liif oUl*-^ Ol .4_ j 

* * * ^ 

\ I ^ JLj j **o LaJ) 1 ^ 0 ^ 43 Lb cy L^x JtfT * 1 jkii> “ 1 Li Li tc-^LS*" - “ * 

djJ3 4 J ^JLaj ^Jl oljytlJl dJbljl^ 3Jb5^ j (^4***+*di <£j+»JL f.j-yill 4C.^ 

L«A> ^JyySUjJl ^ 1 jO 44jL*^Jl d^b^ bcC L w w .djjuS^ 

4^ao»ly Lilt 





y* OjjuJjJt Of yS**Jj) . 3py-Jt hJLp oU j^lSsJl jl oLjj^jJjj yP AjLp b*; olw<> 01 

JjyUJL Ljajt L? PJb ^JJly tOyy^Jl ^ 0y£^» A jAj 4*-ALl d^Uai) o^lit 

tlr^* Oy^-*i (^£*^11 P j 413 y*yilo ^ yl**-| 44JL^ 4*jl_)y^fT* jJJu: 4 j^/ 

1>jlp L^diS"^ <j jL^> jS' ZyL y * aJLzS' <jl*> L*^»*or oJAc ,|3 y *yJL 4 J yLOj y* <i»»ji 
0-5^ y£ 1S1 ^***-jji oi^j^lil Hftfcjll ll*J t "-ii ^.^.-4- 2^"" y^-l Ailjfljl Jbl^Ij ... ill 4p yuw_JL, 

.£yJaM 'AS'j+s ^jA A-j yi olpy—» 

<Jl 5^ yl 40 b<L l>«- 0 ^! oLijji*Ji jJ_Lc ^ .<jiA».*.««A i Ll5" (_-a1i^ ^y 

^J-S^t 01 ,g.l ./a ail ^y> oijjyI*Jb ylyoJL^h < jOjSfi .aL'U (jlyl>-l Oydi cl>ljjyljl jJAc .4*__JL2* 

Jl Oj^ aL*^J y^Jl C->tjjyI*Jl jyl£ ^yPujjly y4 yA OUjj IjJl oi * 

^yi?y S/i La.*.^_P *_L>\j jyl*Jl i_ a^ly^* A •i ^ 0OilkXjti ll^- ^ «l"» 

«—.A*i^J ;oIj jyi-Jl AA - <wAO*^J ol-ALl Ol yoJlS^tl* ^LJuJl OyKi 0—A (jy—^-S/l 

, jLjsl! jJjjZJL ^jjJtj yjflj yjylJJ jj>r y> . yP-T ^yj ^y> iilO? oUwr 

AjuJall ujUjjAfl 

92 l-f. 92 jj-* LL>li yv^LuJ yjUk) 4ja*-ljj 4w. ; ]all j -J 

( ,4 C) 14 ~ Ojj Ji AJLLlC. .^yP/jtOy/ J?ULJf tSsb jfllaJb .(f J- i'lyji) 

«^'j ‘( 12 C) 12-i>_)jj^ii olji Jl j>Jl jjjt. JL»o" ^ ,4 C oijj 01 .oUjjV 

<JijMj ^JOlj 4 ( 3 H) 3-0i^ jjp oljJLU j >"^I aIi^^/I ^j *i „^:i ai-j q. 11t c 

i*Jyf 4jljj y£- (jAlj 4( ? Be) 7 Ij^JyJ <,5 fj^dj 

.<JL)\jjylJ Oj oljJJJjJ 4 ju yl 4jlyj {J,y£- jJij ^jJL>jAlj ^OijJyA yJjJ 

ff * 

^pIa*v1 J? L ** > B 4 1«w i < L? jll y^ 1&U Lp y*0» yiS^S/l Uj^-> 0^ 

cLj-djl d^ylyll AdJy^Jl QjI.IO ao^ 

> 4< 

^-Jo of Ol-*>"S|l ^yiaju j Qjt a fc... 4^-j dJUt ^.Qg <ml (0^^-? ^jA j.jU O # ll 

.^y^y^Aj (j 6 jA~t*A i^jlyA L^*0dJyl *-LiP yjlJdJ 


^jtujy f dji j jJaD 

Jy^l ol j^J\ j 0y^O yiTSn -ULiJl oir .LiJbfjLl HiyOJl lk^Si\ J* £U_ 

^y*&Jz . <5 yi yiS^Sn 4y>r L*Jjyi 41 j mO.ll OJj jAl L^JLL> y . i' jljs.tiyi 4J, ;alf yjb 2jy jii 

^JfcJiJ 4 jLm> d^lll OjfaS' yO**JlJ JLP ^yutljl y-iL>y JjJ-i yL^mJijl 

yl ^AjSfl ^yip yUjtij^/i <JloJu>- Bj yUtuii^/l ^yP 4 >tLJ| 5-Jy^-l 5— jy4Jt oU..>, Al 

.^y^jJl yy dyli Jju JaiL-Ali ^JJly i^jJJl jLmJb ^oLlil ^-iAl jlA^ ,4 ^-* *^y 



<j£i( :jJUP jaUII J*aill 


AaA? JLpS/ ^baJj^l t L y?b>- J^-~j 5j^*£jl AjjO-SI JibiS! ^jP ^bSl ^C^jJi_Si jb_xil ^ys »i ^Ja.: 


.<—*5"*^^Sl <J^>- aIajj c^ASlj t^c j**** cu^r <J^poj j\a-a y~^y^ 


j-s^iip <J^^-i ^jp a^-lji 6ji^j-i .4 amw* jj>p bp jlp *v jiMj^yi 4jjjjJf (j^>y*pbiif ^sy- 

Lg_*iJ->«JL^I olpl 4^jiSLj ^JlP ^.muiJJ cA*Jb* jUa.1. >*^fl £jl j^j ^Jaxj J J^-> . A*jb5sJl dj.JJ3Jl JLJjjJ 0 J^S"" 

t$lb£ OS/ Al^-Jb* obbbll oJLfc < j^aJL?xi]l Jy JLi' . 4Am«^ lS-J U L&J J^A«J J c o^« 1 aJ| Jbj ll «A.* ]^J 

* , 

JiA~** OJJi Ob toJjbl 4JW5J ^ptLaJJI^J&L i* jjjhj f lil .Oj^* t5-bip cr^ i. J ja : —j 

C J * * t fi * * 

. A*Jb* CL^bbij <_£l £c£J ^ 4j j*«X>tlil J^>r Jj JlAI ^baJjl O'bf jUaJb'bfl Jpl-filb 4 j jUL* ^jLa b^s^- 


Igj-XAj 4-P J~~S\ aJIp aJ ^>r Aj ji oLu^ b**A ^-^bp LlMji l3-La> AjcJLi.! ylikJl £■ bjl /j-5J 

0| . lZ^U^^Jt! lZ^Lp y~~-* aJa**!A****J CjLp j*m Jl 4J^>wAl C^b****J-l (_£ . 4^3«t» Jl L«lp 4A.iL 

J+*S j JLp 4Jp •JA JbicA Jj J& j-jl ,jP 5 jLp j-fc l^>L+. j .*~. - X*JJ ^P -// 

^ fi fi t t 

jl j^mj <L~*£ iJL?r oI p y* Jl c.cub^J tUil oL^j tolij^Jb" e> L r , * .—Jrl 

(J ^A^-l AaJU- ^gip OjyS" 6 j^>- jA JjiP A^**A Ajj^ {£ J* (3^® 

9 ^ 

.A^m-^^J cl^lp j*a J! 4j jblil A^-^jjajJili 


jaaH\ uiusuJ J^LaJVi 

^1j dteX>-l^Jl oAxiAl ^l^ll U oo ) 

U£ j>-\ ^^b>- ^3 .JL>-lj ^cijJL>-^ jLibb d JsC^a 51 y J,! Olo-'b/l (j 5^iU-Al jjp 51 y Si .J 

01 j&\ .0 j Al+*A 51 y ^ Ia?-^ <Jj> 0 j^Slj (.iS 3^1 d^Al*-A Jjp 51 jj 5jA^Al jtlP 51 y Si - 1 

jybJjj j^^-S Aj^lSflStl A^lAjJl fljAl (J^j^LkAj ^^A) ojjl ^JpJ*2>\ C4jciAl ^jJl ^jA 4jI aJJ 1j>*S^ bJLP 

a] y*jij Js^WyiC. ^P -**^Sl ( JA>«jJl ^jAj < ^'“W .^jlliJl ^4^ Aa^i^14 d~oi ^ C 51J j J 

.(t) >^J1 Jujff <-i>L 

jl UJl ^jiLla ^pbci .jlJUtf^ ^j^-i ^ja J^\ 4jtiAl ilJ_Ll ( jAi_XJ J 

01 -^/*3^1 Ai^-b 5J-ilS jl Jiitfa;* Jl^ (0*j>p jl UIp 4juil jl lij c^LAv- _?r 

^ysju ^jPl^\sJj .jA*p Si oL^b A.ijjo 4-o^A> 1 -L*j 4j| ibOb y£ ^pbw^fl ^JJbxX—Jl 

o^iaSI 4j*^[ij a^-jLJ L*jb ^yftA l o^o cg- A a»j y> r 'ifl ( ^jPjcS I ca. 


./i« u 


*r* < t 


. r^jJf 


4i • Jtil A-J> Jl 


^1/2 ^jSJuA* 4^J 5-U jJjA Jajj ./ 0 A^jSI Aji>0Jl J 'jP 1 U- ^jj ®“^0 ci^ Ajl Jpj£\ 

cJwaj jjj- 4 *a*j ,/ Q Aii>JJl (J aJLp ebb" c^Ail iS j^*Al <J^pu Jl ^bui'yi ^ja OJJi 5 jl0 <i~p ibJ 

j^aJI ^Jfupj jjjA Jbuj .aJLsoS/I b»_A]! Jl aOjJl Jpa>^ t(2^ 1/2 ^^jOiiAl ta5 iSAl J*j>\) iSj>-\ OjA y^\ 
fl Jjy -bxjJ tobjl SjlA-l jj .aJL^S/I A^-a]| Jl 5wbiJl Je.±A*tJJ t(3 1 1/2 ^ -b a iAl ^^iSAil J>jSl) ^yPl 5 jA 
a^aSI 0.5 n jl l/(2 n ) Jl 5aoJl Jpjp^ ^(pha 0 r*jft) ^o ^^Sl j> bJj ^^p cJu^zi 




jAj Jl j tfrUaiJl j t OU-Jrt j 12.I j-Sll otj' 


J,UL isJj-j Xf SJLiJl cuJl5"j oJl>-jXq SjlvaS/l cuJlS” Ijl .ijL^'V' 

x f =0.5 n x 0 

ty2 ^r^*Jt ■_ A v3 ' jjc± jl fl*Jl JSbjl (9~ 18) -Jl £t-*»JJ 

* * <1 ^ 

1 Ijow? I*j*- jL*-ty j f 1/2 Oj^j .o*t~il 4-^li-i a*pUJ^I <olll ^Jp bt^ipl aIjU 4j>tjJu 
41 «,<2. AL* A*ji JL>!*jJ tS.>lil OjJ^oj ^\juZ>\ JaJT J>0 4 -^jJL .jju^L* iS ^>-1 bI->^/b>- J 0j>^J ^4-jL 

Ji^ JLJLj ^ 1/2 

t_3^J-L 4 J yy _j ^JL>fjJ( Cyb ^pJb 3JLP aJ^JU ^j ^pt*jL^I JJb>xjl JjJL^wJ (_£^>-1 AfljJ? Jj>* 

(L>- 0.69315) 2 jjuIJ yii Jl JUJl c^U g;jL* .(A) UuM >-*_» ^>^l 

1 ^Jj L*5^ dJLl^ ^jp ^*a3i > &* 1 ^i ^Jp L* 

X = 0.69315/^2 

^u^syi iia 
vSjyjn 



Jal£- V ,<U*uii ^SsJl 4 j>t^ il Jj>»j jJfc ^ptn-i^l JJUxJl C-jIj jl— ^ jlj J->- 

t^i 2 L jp j-j«j aJI JJ^rJl c-jIj -bJL^- jllp Ljajl jS~\j .LiS^ jliilii^-j jIiLLlw^ jLg*^" ^L»^j_ *j 

tyi cJj-| I3| .(s *) 4 -~*Ll* Cj|jj >*y O-jIj ^jP <_£ A>l y* jjUS j£-^ 

'Ll* Jjp AJLP j\**l)l (£ yr 4j^J Jl^- OoL J *0‘>LL*n C^l^lll jjP 4JLP I j**- 4 



Jl£i( : 


»JLa /* jS^^UJU tjIyJlj iU ~I la C-* jLL» c-j U 01 

X= 1/t j x= 1/X, 

t JUl ^Js- ty2 .z 4 -*^ X Ja*«ji* O^jlnil ojjt ^ y 01 ^JaT—i 

x = / 1/2 /0.69315 
= 1.4427 / 1/2 

3 

t m = 0.69315 x 


itjjjlsltj <li\ ^jl\ 


j,jjJl ^UiJi dJL>-j O' .£^Iju^*)U ^i^Jl U**j*^ 1 <UaJbi£ bJS' o \> y 

Laij ycJl ^Uj .(Is ) 4-jLJL ljj>*l j Ljjj j ^/Lol .(Bq) ^—* ol*x>» j. — U 

f.1 jAI ^1 j& jl£" <j toLjjl t4-JLj^^Jl A>*JiJl 0jJ 

t_3 yu c^wljl oJL>*j JL?r y . (C/kg) ^A&ts dJok 4JjjJl dA>-j—ll O' .<—il Jr' 

.C/kg 10“ 4 x 2.58 (R) o^jA 

c(Sv) ^^ Z&lSClf 4P y*JJ A^Lifi aJ.>-jjf OU (J yiJl ^w^JIS" djl» ^y ?yd Jl;—P 

^j- 4 aaSj^ *uiS" OLp-S/l (j^i (J .(lJ/kg) ^1 jP^L^JL Jy>r 1 *j —sl5oj 

. 1 rem = 0.01 Sv *(an acronym for roentgen equivalent man) oUKJl ap<J» jy>- Jfljt 

^Aj tiff. yj* jy*S/' dib . A*pLaJ«*^l 4-u*^Jl ^yP OJj *V^-I ^jJ-P <JJ>IUj*-y!l dJ-* ^ ijf* -* 

<K ^ 

L*. : . : > t^bci^l yp A/»L*Jl 0 j-j J->- J$ 4-*£>L>- cLiiJ LJtL* rem j oi jLkjc_ 

100 ja jUJ^I ^> J ’ ot ofy Ja .JJL5 jSCio J^l V— UJi iTl 

o^Lp ^LJl yd> 4jM jl Uiao y» OL-J^I oLpLx ^./a< JtAp ^3^ ^L*-i*)fl ^yk { j>^ _jjj 

0 yd I j (jJlLl ^UjJI j kuLi dJl^S" oIjLp 01 ^Lul rem £*k j JJ 

<;«i 4^1 Lp Aj^^j <y j>- ^^UJLlP ^>j\y^}\ A-*jl J RJ £j} jjZ* *Jl 

0wb»xlll oL\jJi (J jLJlJI ^ AjL^JJ ^>r*>L* f.Ljj 4 j y^r\ oljUtJl J-_il oljli ^ 

. L^Ul^j 

A-jljJ-i ^pL OjjL^aj cjwiJ ijAj (j ^ a 1?yL* oL^SC] ^—Jl —*J Jj—P 

oU-jiJ Jl (^j-vaiJl o'VU-l <j ^ytJl tiiJi ,t_3UJrlj cpLp'^lj c-lUrl <J Jjy>-j tOU— 

«> f 

•AlC 5jli j!Ap L>^jJU“ |Jj*r oLpl*Jj*)f ^L-Jl yu JLLP .Oy<JJ ^5_L>-l^ <JlJj_j jjj 

oli'b/j 4-^*0 diljjJ 4yy»r o'yil? cOti?^^Jl ^ ibj J tolj‘— ) 

, AA yJUA 



J tOU—Jrlj j»Vi oUl 


AaLttil 

j\la ^£'\Jla jy*j .- ^.Ullj t4pU-^ilj t^ »Jjtj t J <JjLa o*Lj oliLjaj _JJ 

tjU^J ^Lp cLj^^sJ) -Ul^li oL^ ^ r- ^ J ^Li (^iJlj to^ _,—iS'V' J;—iajt 

* 

. Lg^wLJ C^bcIJLaJJ 0 Jks£~\ C-.yi**) bjP jA OjJ-a)I ^jA ^ yJl ljj& Jju ^ .£■**< 

ip~Jr\ J>-b ^U£}j yll { j2^>*Jl5 <j f.LU^|! oJLpL- 1 c-JaJi (J A*Jidi gOiJl _j 

^jk^aj (j ^La-S»^l ^4 Li C->lp^>r .aJL>-1jJ| £.UdpSn AJj ( j l as>^3j C c y2jS/l C->*^Jbt4 ^-Lij 

A*J*Axll ^xjl-d.ya]t ^\jyl ^-LjoJ ApLygll y***Ji ^4-Jl 5jjl^- (3 Ob>“Sn 

jl >1 y A 3 IajJlpSM oi ^Ji oLJjjiilj Lji^Ul Jiii jl cAiJ )\ aS^l . .jyl\ j\ 

iS ,X — Ajc^Ij Aj j^r\ J 2 jiaiij ^ip yj^*aJ ^j^ri J cy*i-Ji l£ <^i 

fy*-* J^ SLpL Cf* Aj L*ji- -bjJlj 14jjp-S/^ 

AowHtirjil C^Jc^jLuP jL^pl ^JwLAaI £Kj^jLzli y^r y^?\^ £b»lp 

tib- a 4*JI j j5j Ujllp j? aIp l>-\ Jup .aJLjJI flJiA J ULbAi^l y5^l y*a^Jl j>*i\ JSLi—j .Aj j 

. 12 C olji L£j JJ oljJJi < Jj>i-£ . giSOl 0 yJ>s}\ olj3 ijy, 14 C olji ^4 AUJL4 4^-0 3j^r jj JIaIaj 

^1p J^aj-l ( j ^>rg jJLp ff.LJp cOLbJl (j 14 C A-^o Jua*^» ^bfij 

a.iaiII oIa ^Ldl ^.L«Jp aAIjJI ^jp a j 

, A«^Jt* A^JZ' <-Lj^O 4 »*>Ij^<Aj jA -i3 

Ojwai aJ-4 Lj^aj jSLijJ abnJ C-oU>-l JLi oljj-^g.AJl j! ^pLuJ-^' 0)jll]l —S" 

jl iwJX* Jad^*» Ji Ajl JjJL^- AJlA]a-^»ljj y>r ,AU- j^L* 65 -b-4 ^jA^h yA 

j! Jj>o t r ^i J bjlj .cj (j vl>bo.**fCli ^JLp (J ^j>e— ^ 

.^ypjSf^ ^ ^j»g? ^Jl A-^jJl IR. Ajci! ^yA b? 

cJLxj! (j Aj_ pr OljyU J y&>- 0 ^proixll ^Js- C-J y>r\ ^Jl A^iU^^' oL-ljjJl C^w?J 

0^ Aia(.3 ^ i^ U lpl f.L»-l*Jl |«J:2X4 l5^ i£L$J'^ r ^j«^. P 

Olj> Aj j-iJl ^^Ip AjIxJ j jSil^ cAj jJb- ~bl ^j-J- AiP .AjUu^ Oi> CJjJb- C-ij Wii ^jL*,_U 

.aJ )15" jIjuI 


L« .aJL>-j jCq Ail Oi >jj a-Li» 


(5-18) <iuLA 

^ P 

.ai^i 100 ai*ju» a*Ju>> a3l» y^-P 4*Jwaj ji yil 

o 

■ L *J J - 365 Jj^r 4 J* ^365 ^ 

(5-18) J-. 

*.1_ajI*- e^J^l aJ^UII ^JLpw-iI tjJLii JbJL>wd 
X 365 = X 0 



: r jolsll J^oill 


(JbJljj .n = 365/100 = 3.65 sJlJ-l »JL» jj j*jJ 1 <—iL^ail j-it w jj d. 


*365 = 0.5 3 ' 65 x 0 

:*A» 'j( Jjbll ajsi~JI jl dUi syu .x 1 gkj 3~"L>- sJT 0.5 3 ' 65 Ji>.b»«J 

*365 = 0.0797 jc 0 

(6-18) <lL— 

?(5—IS) ijLwJ.1 (3 iiy^j^.\ O^lll (J^dl L* 

(6-18) J* 

(^jL-j t|/2 1*01^1 oJL» (_) ,tjy2 il^Jb A. Jbld'yi C-jli! 3JLL~Jl < U .., a Jl .<1 

•X^rji .(Jbld'yi C-jliJ ^ip d'l y jl dbi jjj —£■ *—•—£ —J 100 

<.t m = 8.64 x 10 6 s JU)L. r _^Jl j s 10 4 x 8.64 = 60 x 60 x 24 
1 = 0.69315/(8.64 x 10 6 ) 

= 8.02 x 10 8 s _1 

(7-18) 4±— 

j£r\ ^y jy ?(5-18) aJU^II 3 4>-jjdll Silil ys> ]&*m jA L* 

(7-18) J* 

iJjUil ij J y2*JJ .Jc-jC y jli* _y» Tj^l Ja—-_ji* OJ 

y %llj Sj^saII) ^£j| ^UL»j L_> <ujL~J1 

t = (8.64 x 10 6 )/0.69315 
= 1.25 x 10 7 

dUij ,10 4 x 8.64 JLp fli cfbSfb ^ .jlyJL v '>' ^ jn^' ^ 

.Lj yaJ L*jj 145 U ( ^Liaj 





l^~ -.'. - . J ^ 1 ■ • ^ i ^ ^ l . . .3 > ■ i1 14 a . ,3 I l ^ .3 P 

.,_>b£j| 4 jU 3 Si y?y ij t)l Ldp t^~>w? 

?m 15 **•_>!' J_>W ai^Jl y> U .m-15 '**j£ j»*> J- j* jt- Jli .1 

Hz 20 (a) 
kHz 20 (b) 





jaj i\j cOU-Jrlj 


MHz 20 (c) 
GHz 20 (d) 

* <> 

i 1, 1 Lj^Aj ^l £ .. ^ i bUjLt^ (* .2 

.UV (a) 



(d) 

^JS"" (3 AillaJl aJV*Ij) Ailbla AmmIp(J^J tLl "\ 0 -3 

.UJI oL 4^ (a) 
.ELF <«-M (b) 

.rf (c) 

,1»Ip a*_M (d) 

0 jt i —•£ ^$5" Ja>- ^bil (_>J^ .4 

.aS' j>- sJLj- J (a) 

. apjL~i* (b) 

.^b;jLdl ^Js- Xjiy\s. (c) 

^jbf- (d) 

^d^bbl dJLA a■ aj L* 240 Jaj l»li \^pIa*>iI ob£l aaw. a^^aa a-pIa-M ajup * xJLhj ,3 


•Ai- 30 (a) 

. Aw. 80 (b) 

,Ai~. 160 (c) 
210 (d) 

Aj^/ j^l cl ./a all (3 AjLibJl 3la«» ^la Aj^j^I ^il V 

^jP ^cjblil . ^- .——-. r? 1 1 I ^ .1 P ^*ll* (a) 

^ (b) 

j\ju» J ^.AAAjgJtil JiA-l (C) 

J^|l <JI^^-1 £jkl~J ^ (d) 

djljA-l c*>l>-j^ oli i \jAI oli-^ (jy, L^L^-I (>_..aaa^j 3JL»jl? oliL~l ajjj^I jJl £-1 L*JLp 

^Jj cAjib»xil 


.6 


.7 





. jSH jib (a) 

.Ax^xja-vJi 4r>rjib (b) 

.c£>^ (c) 
.c-iidl -E (d) 

tjpj^S j ^PrUrjJl C..-wJl job OJi: .8 

(3 IR $b£ (<-3bL$» j^P) { J jil biljbl ^yawj 3 IR <-J*bLi (_£j^-1 <—— wJ l ON (a) 

.{£j>~\ A^>ryA Jlji^l 

^jA OjljJi IR A*-!vl j^/I ^1p c£j^“1 t-\ ji>*l ^Ap (b) 

.ji^tj jiS^i IR jjj^. e-Jij ^L~j1 (C) 

.AjJlUtI A-JaiJl jlsbil jL^ail (d) 

01 >- jA (_£ jljfl-JIu^/l ^jpbtib djjbL* ^^-jjt-Ljil ^?rb*.JJ^I ^Jpbt«JLi 4JL.ww^*l .9 

.(j jlU^j^/1 Jpbiil £j* ^^b-JJ^/l JpUil (a) 

.{£ jUa-io^/l Jpbiil frbj QA jj^prjj^uil Jpbiil frbj (b) 

.AjkJ^a Obbij ^rb-JJ^/l ^Jpbiil £tSJ *b/ (C) 

. tSj 1aJI^- (3 d^LdS^ ^?s-b«JJ*^1 Jpbiil ^I.A>tLwO (d) 

ELF 3Or* bb*3~ a^b^rl jJaJl * 10 

.(j^b^?^jl jl tJl. l- fr * 1 ' ^jA 4-P J ;^^lj>- (£1) 

# J 

.jl^J^I j-* ajL^-U olU' ^j^ii (b) 

* J 

. Jjjil ^jP 4 ^jc 4iU*i ilo^l (C) 
-JbrjJ N (d) 





’laws- 

' "-Y'* 'it 1- 
- ■'-» S'J . '<& « 



- < * 

■■.:>■-■■■.■■■■' V:- 


ill 


.. v ■■• v. ■ 



ol>- oil* 


vI jdl 5Ju_>- j )I ibty 

j^SsAlj (t_j|yill) oVj^S s..*.Lll kliii 


"’A*? :•■■•»' '>w:* 

■.:■■ v,.. ■ 





_ . 

f|i|| ■ 5I§ §;|| 

* . * , - 

OLU .l^ij ipL^ta c^juiaij <Jv j/1 Jj^J aJl LOb ^il £j^aJl jJJL*—,» 

fr jOall A*i ^ OJl Jg«^jJl 015" 151 <J$ 1 jOun* f.j .,?all liUs» <j 

tf J ^ 

OLU La>-Up jJ ^ c a. 0 ^ll 151 aoI^-j 

jLw* O^j cMi* ipl^l Jl jrU-jJl clr - j' Ji Or 4 ^Uoil Jiiil 151 ,0 1". 

. oT^il ^^P 4—>1 ^ju1 JUp 4-&L^l Ua> 1 gjJ j-OaJl ^IjtjJl ^-Ju .U.- 41 



<3j^l i*i*3 j <--&? jl (j^jJl ^ jlil JaJ15" c*.^O aJl ja £3J\ jiJl ^PJJ i 

(£3j3 0 yj3 aSs-L-j ^OJl jL-Jj p Lx^jJl t^i5"l <l»jJ-f jf £ LtjJb {{$ 

- . ■''■■. 

.ypT Ja-^j <j jl f.lil jj jl j'l? ! -jjl jj jl j.l^i>l (j jl ^Liajijl ^ 

* * f 0 
(_j\J L*La Lp ^0? ^4 JLxj i^J LjJl OwL^ jy*AJ . Aya^^ O j- ^ , /al^. j. ^ ll V* ^ 1“ ^ 

V l * o * #S 

j llA*- J^-0o ^j^OaJl il^LJl tO^U-1 <J ^-w^^Jrl j^Jb .Jw^J^l 

jOaJl J^UjJl Lixi -b-1 j3 ^ .(Jj>-\ olAjjjiw <j l>u>w5 ^Xjiil 0 ^>jj ttiili jw-ftJ jil 

01 jj^l c/^5sjj .L* A^lJajjl -Up 4^-lJl ajIj\jU j-A oJj ^JbLiwO l> 

.Lpj L^5" Ia-^* iij01 .a-j jLaJl ajcO^I cJj i0u5" /^p 






O-liLJVI 

* ^ 

^b^i? iiij j^uii ^ .^isCnjyi js Qjjiiji l» jL*j| c)i -^j—^ 

^4a-»» .U> jl aJ 4*j j* LJL*$ 1)15"” a5""jiJI £*-: *J* cl) 1 

.1^ A^\j^i+a>\ Ajjlj AjjIjj AlP L» o ^s\a*/3i ^L*J^ (^1 l)li ^LJLj cAj ^JaJ^il 

£W»j^ ^iS^jyi OjjUj iJ-jll IwLft i—jyo . ^iSsjtjyf <Jj!j (^ji^j JjjjJi 4jjfj djLyJlj OjUT' Uj 

.(1-19) JS^Jl J 

p-+AZ~Jb L^ajl ^pJb) 1+^bJl Aa*«jJIj Aj j'jj *0* j ^LflJ col) Jl ij, 

L«-Up 0° dry ^ <1)1 Q ^j (1 — 19) L }^-iJl ij jwl —// jl i£3j—*bdf 

.^Ja^JD a_^L£ Ajjlj c£^ cly90°j cAOj^Ip AjjI^j ^U~*JIj £^L*JiJl ^jajy 

y^0 1)jjU 0-^"' J*^~**l L>T|ltf aa*A £tia~Jl (> j^J 15| 

jlil ^Ja~«Jj A^-jJ\j jy*j LdX^ aJU- <J ,^Jbz**J\j A^ljaJjl Aja-aj <J ^ rla .-Jlj ^Jaj ^—j 

Axlxi^- JaVi J 5 Aj jlA^j^ls Ajuil dJP |»JaJ y L«~Lp , AjaiJl tfJJj (3 A.)a a, Jl 

A-«^*jll Aa^S/I jJUaJ d)^J c^I^aj^/I 1)jjLa3 £^L*-»5 ^S"” £-*&£: C|» )ax«* j\P — 4 u ~^^^ 

yluJ ^>-1 o*^l>- ^ y>-\ o^!L>- (J jlpLiJj <3 •J'y A 





^iajuL* ^.1-1*11 (jP- ^^IjlAII ^l£*jl SiC- 1^1 “19) (3^*^ 

,q C_fl^aJlj IjA . ^1-SlxjV 1 Aj jl ^ ^jl**u Aj jl 




QjUj > 1 ) I j JwP J 


LUi aJp b? bup Jit AJUaJt aS" jJl jJLJ ur jUSCyi djj\xS\ -b_^N 

dUi ( 3 V .AaLz^'i-LI 3 AaLz^~ cZjIPj^—j f,jbtjjl AA*A^ j L w . ^ j1 OjZAj .jytzJl 1 -La Aj^wjZ; 

229,792 ap^-j i -1 JjiZIj 3 A alb* s, AP 0| .A.*— jJl AjJ ajJl <3 ^***Lv*S/l IJUll 

. 3 J*L-J Allkil apU ajt Apj —j *j*Jl Jizi> t(mi/s 186,282) jt km/s 

0 » ,j^L d)Ji ^ ^Jl cs^-? 3 <up j* - 3 ^ J^-io e,\jk\ 3 c^sa!' ap^ ^aL — 'i- 

JUP A^Lkil bljjji A-Jylll bljjl 3 Ajjb^Svjl oljub aJIS" <b>s*j-b Qj_ < Xj 

‘cA> cjJjljSOij c^Us-jMj tclil 3 cj-iaJl JaZZi .AaLz^I olil^sJl ob cJ jA! JzS"" jjj—* 

ZujjzJl <i)\ ,c,*}bA“4 3 aJIazjIj Xi j\Jl* Ij^- j^S' $.Ja^j Aibuz.—li J?\—3j 

bl . b~»jJt oUi 3 £■ APJl 3 t>y *&Jl AP^w*' A^«J ^A C Ja*+/jJl j L+* *SC/l 4 Jj yj b/fljI 

jb~£jl AZj } uL> Jlzib cM -b^-jJl 3 frAP^-x c m j f.*)bbl 3 APj-C C*-Jl5" 

r m L$pjlJ j lM -b-^jJl 


r m - c/c m 


jL-SoNt Alt y OjSo tt^JbjAiJl IbA Lai^ ,c m J C 3^ -1 ip L^m-aj cZjI-L^-^JI LJb ^-Xj>cJ_ 

.1 3jb*o jl ^I oibiP J 

ciJLL J-v^biJl 3 ^^ b*JS^ ;AiL a»zJ 1 o^likl jb^<*^jl AJJ^i b3S^ 

^iS^I J.Jjjl.J'bsrJl ^L-i'^b^-b jL^SvJ^i ^yl^i .«,!j i>ij o^t ll 

^*iii ojU*j>- ^jp aJ^^»**w<* ojj-SCii jbv**^j^/i Aby o| • A,lj&l ^ X' u- a » r— ^ J 

jib 

(1-19) 

^A«J L« . c. j • 1J 4.,.- 'J \j 1.50 ii* d^L 4 ^\..,w^jl 4-J j _4 ^ ' ■ 1 

jj! IbA 3 ^Avtf^/1 f, 

(1-19) Ja. 

Lipi (3 ■' 5 <Um4J| 

<3 yL^Vt tyiJl j- jUil j5o: JblLj .km/s 10 5 x 3.00 J[ c <-r>Jj AJlik, j-^jlSJi, 

:J,d( J^LiJl Jlp c m SiUiJl «lil 

1.50 =3.00 x 10 5 /c m 
1.50c m = 3.00 x 10 s 

c m = 3.00 x 10 5 /l .50 = 2.00 x 10 s 



itUiJlj tOU—Jr'j j-S' rdJtiJl o^l 


JutfUJi .XaJl ^ic- AojjJaJI Ax*iSM 

jjSl (3iS/l) JjSfl -k-^)l jL-Sol oy 01 ^ tJ U5o->U U^i Nli* (2-19) JSAJl £_ 'ey. 

j£. (0° ^ j j aj j'j) 4*015 Jji-U . ^^lt-^/1) ^ViJl Jx*-»^Jl jl—Sol aj y 

UiT <>j\j oabjl Lis' iij j>a t Sjjljj (^JJl ^U*iJl jSOj .4_»L4l j_01 0_jj 

)/ . AptjP- AjJ!j i, j jl Aj jlJ IaJUP iOjOaJl ^ J J>- 4j jlj ." ■ 1 15T 

^l^Aj'ytj OJ-b 4L* Jjl^Jl k.*»^Jl ^j~£jCj 0*Lb ^ )/jjj ^ 0^-1 ^Js' jOaJl 

.^Ijjl 


^aa^i a-^Lj? ji (3*^j (l£ jJLdt) ^ u “ (J ^ 5 ^^^ —Jl 

tj)?***^j s l\ 4jl^JL>*JU*o U^l j& C-^ jJ .*lil CS- ^ U&Jl&Liw* JLP <L*-4aJi j 

JS^J ^3-Jlj tA-kJ^flj t 0 -X^Lju.-* ^j^s-C. , j\j in] 1 *■ *~-_> 1 ^ t-,** _i cJg j* >/j 11 

.Aj jljjl Apt oL'‘A*^ ^jajJj 0jJkJ A*j 6 y>-T 

^^Ip (2—19) (j j cU*Ja-^* ^-L^Jl ^Ja~«—Si j—^1 li] 

aUaJL ^L/» ^ la *.**** (_£ A«.««w.fc l lj jL*IP^/L# JL>-tj , aJ^jLi (^1 jv-)aj^j ^,., ■ >/ ? ^ 1 w «*< 

^3 jjp ^jL»* Jx ji Ajjl^l* A jj AR-il d-lP ^Uajjl JjiP .AjaAllI lIAIj ^3 ^*<1 , 

,®Jb- JT jL^Sli^l IjlI ^Jiic ciikji. J*Ui 5 jlp 



lUiUII iai! Ujjjp Ak. Jai j! J^l 4ju&\ :(2"19) 

- A ah A. ^^jLu^aJl Cjl j JaLuijV) (JJJ 





Jlui (jjili 

Llj^5 LJ> Jl^-L a a i-,o! ^1 «..»Il ^U^-l (^Ju* Jb-J^- ^ £sj 

• L J-^ Oj->L* ^*-~u aJjIhI Laij c3jaiij£ 

U*jLO>Ji ^ Oij tAf s j A/ r ^jUa—^ jo £ *}s *~a >X>- J* B d\ Jpjs\ -(3 — 19) Jaj\ 

4j pJajjj ^ 13! £^\juiJ} ^>*jj ,^3^ US" *x^-l j&i U yj> IpLu-i ^J, J£ .^l^xJi ^Lp Sj v 

.4ii^ 5 j r jL^'Sl y of ^>1 jsil ^JLp cUJli aj jIjj 

A Oji 1 QaM ^ Uot d wj 4n|d C^*Cd* ^ U »S K jl ^9 l f3 ***^ _^aii of i£\ hr < S of Jn>J*\ 

0 

^Js- ^OstJl N OjSs <L~£ B iS (3 £•£> P U <iaiJ <j jlil N /^0 A*iJjL*^jl 

,j£x! .P AkiJl (j B iSy~S\j ^aJjij M r Ja^jil J$ Jili> P ^ 5 jOaJl ^UjJl 01 ^yil .P 4 adJl <j P 
ja jX*ou ^OJl ^ jOaJl S J *P (S <j N R £^UJiJi gOl A> jlj — ^ Jc 

JLJLj ,P {Sy^W JN^\ 41^0 gJ» VjIjJI y c£A .M s Ja-^l Ji P ^y__ll 

j>j jc Objjl^i! 0 .y < x 0 £0 j cA-uii (j jx~il j 5 ^U-iJl j lR —llj tTV — it £-—«j 

4j>*->»-v5 aJ JsUll o0_& 0jSsJ JULj .0° Aj R Aj jlj cOl5" cja-aj tJaai jjOjU-JL* 

:aJU-1 oJla <J _yj jc lOi^iA^jJb 

sinjVsin jc = r/s 
N 



S 


1-j u.n A *Jn4% ia jLuiijl A-uja j Jaxuj ^j>4 JL. £ Ui:(3-19) JtA* 

. Ufudj AjlSLI Ja jLAjl Ajj j 3 (^3 iajujj Jj 






^lp aJ^Ij^LI <3 ^P \ . jaM j^*xlj| 

s sin y = r sin x 

^yj tM s J M r oiJau-j uy l>Uaw |H>- B 1 (J'jt-\ l y .(4-19) Jl o^i J —Jail 

(ii ia^j y f U-iJl y. <^t tr > s ol aJU-I *4j* j Jj£ . Jly]l ^ sj r a —illail jL-—£il 

v " # J ** . «* 

tJCj ttSj t/?J tPj tl?J <-3 yJ .L*~J A^2jL>*J-* jL-Sj! AJJy Jo-xj ^ L~J Ajuaiy jL* ?jl 

B ^ y ~> A lj /( ^IxJtJl ^ la .) ji cbi . \a .Ai y ili! cJC = y cy»-> La^” ,^JjLw-JI Jlill ^ La5*" 

«v3i .jc < y j^$oj ^y~JLl Jj 5" t7? ^UjJIj ^ £-Sj JULj .0° ^jjj ajjIj > 

lULL-w aJL^- 1 ^ La5^” L*Lc caJL^-I o-La ^5 <3^** 3y li 

sin y/sin x = r/s j s sin y = r sin x 



Linu'i Ajtijyo jL-uSjl AjjjS ^ j J—jt> > :(4-19) J&H 

.Lujoij A la jL-u£jl AjjjS ^ j Jajjj ^Jl 


AajsJ AjjIjII Jjjaj 

la ^J V L-—J Ajuaiy jL-^Jl AJjy Ja~-j y* f.ylaJl y*. .(4 — 19) ^1 aJLj JLP 

** 

5 ^«v 3 j j t90° y y tJC ajjIjJI oLy .r > s jlilljj .5 <wai>*j> jL~— ajjj, 5 

^Lj ^(90°^ ^° 0^ A-»y) ajLaS^ oj^S' Aj jlj tx L»wUp y ^it J—>- si 

r ^U-iJl £^aJ 4 tdiii j £I x oohji ISJ . ULc B <S y-*il <3 iS j c90° A^ill y aj jl^Ji 

,dlyk5^ Jji-I *—^ ^1 ,S Ai ^y- ^1 


T 


Obj-.fiJl : j-£*P £-»hil J-fiiJl 


* 

Lpo .Ul>-li a~* 1 ^juI ^ £-* R l$i£Lio sjjj Aj^jlj *^ T j ^4 ajjIj ^ 

0 fj !ji <L-~J c_—>^r ^-5C*jl £->llib Aj*- j^"l AjjljJl ^blt .X Q Aj jljJl ®<-b& jP-U 

x c = sin -1 (s/r) 

(2-19) <JL 44 

^jLvmJ (w^jjtll $.lll ajj. twjA p f.L* aS^ ^)g*m jjy> j ^ ajI ^ 

131 J^Jto (Ji ^ 9 tM <3^ .1.00 f-lj^l jL-5vjl A^jj3 ^jUJ LaJLj tbjj- Aj 1.33 

c(ij^UM) ^»Li3 A^~iib 30.0° Ajj' y> ^ja^jb ^Jaj^j 0 ~a£ *s—t£j—^ 

**■ 

?$.!ji»l <j 5 jja—Jl ^ a^jJ -1 cb^ajl pJsLIJ A^-jJb cAjjlj 

(2-19) J* 

.*!>! M s jLj ft lll M r jU JUb ,J ."Ji-«iU (4-19) J^iJi J aJU-l J>va _j 

l _ r -LJ ja J_^l .30.0° </_>'—j x ajjIj)' ,_^b* .5 = l.OOj r = 1.33 ^ jb~—&*bll Jlj—» 

aJT Jl .y aLUII olAt-ty t j>} s ' ‘J^ t)jJlS aJjUa |»Jb^.t .y aj_j!jJ 1 

: JJ-l (/y£ I-1 £a j .Aw.b- 

siny/sin x = r/s 
s in y/(sin 30.0°) = 1.33/1.00 
siny/0.500 = 1.33 

siny = 1.33 x 0.500 = 0.665 
y = sin -1 0.665=41.7° 

(3-19) 3i— 

? Jp^/I ol£b i^>Sa frL» y £jA y~~J \Zy+0 V AA-^J-l Ajylyil ^A U 

(3-19) J* 

*JjJ Aj_)I j Jst*> jj^U. ((2-19) 5Jt-4) yjb—« (A*-yi-l AjjIjJI Aju —<a —*.1 

:x c a*.J- l 5 j_jIjJ 1 jUi'y aJjUII J j»UjSM jJp .x jjJJI 
x c = sin" 1 (s/r) 

= sin -1 

= sin -1 0.752 


x c = sin" (1.00/1.33) 


x c = 48.8° 


^J****-* A,..*.( l lj (^Ifl■*»!' f L?l^JJ A,..^ ( ilj d*\A (_) ^Xi 

... il 



j-jJtj tfrUailtj tOU-Jrt j uUl 


c jtt 

1* ^5*"t f.jjaJl ^L»rjil jlll f.j-*all Or y J j!b ^1P Aide* <bL« jL*^jl AO^5 JUOv 

j^Sfl) aL^IiJI V*-^il Jl^1?S|I <j U^- ^ J*L? ((^^an-^iuJlj (jjjSlI) 3 jW 2 ftll A- ?rjll JlJ kty j 

jjA* _^ll AflJj J^ju l£*^ l-Ull Aj\ .£jjJb Or ^ll J j!b j*iCj AO y jJu c_ij *j . ^^Lojjj Jl j 

c3 -Up 6 jL-*> ^p f-j-siaJl l- 3^^1 LJ5" cf. jrUjll *1 —UjI ibjl l_JT .((5-19) JSJ^JI) 

. t-fc* ( jja t j^/l s-jvaJl ^l*-il -Up j-ji ^IjiSl ;UI^ll S—j-* li-*j .jj-A* 

t La* s.Lio*)f jj-£*^ll ^IU^«JUj t Jj'b/I obj v3 ;ll 3 f I ^ ..- fl . l t jl 

.(AjLdl aJli> AjLJi y>?\y- \*/2)\ ^Jj>tI^J) . a.iJL£ U>-j> Jl^il $.j.,^ll oJUi ^JbxO**u jt$j>r 

.aJsL;-~j oLAP J*^>- {jA IgOLjLc* ijj£ ^Jl Jslj^ iyah\ jyP O^r j* t<j^l 





(J^ojjVI "(3^" jjJijaII jjl * «J«^ (je. £ jill :(5 _ 19) <j£*iD 

.a£LSS ^ <jljft' J) 


LI jaII j oLuuJaJI 


L«-UP a y JjSl jJUi l. ilJU^I y>r jil f.j-v«aJl jL-^itj ^iSJul J Jb ^ja a^Lil—-*^1 ^ 

Lf j*-*p I jl jS 'I J-UI ^L.*os-Sll J*?r A*^?l_>- Jl^Ol oil A^?*-l_?rJ ^)o3 Ja-^ljj J ^ '^ >r J 

Aj j^ll J yxJ^\ ^1p oJLp L ^qJ U OJjaJ AjjL—^J^/I l y3j\^aj^-\ o-*U>«o^l .Aji^lJ-l Jj aJLp 


Ajjlj bU>jLpl Jit jl j £I f.j-Ailt L^Sl oL^A^il .^»r1I Jj ol—L^/l -Up U-^-UA (^jJl 

. 5 .j-Aill L«-UP jyLll A*i>«Ail LI yl] . l^->~ s-j-aJ! ^U^jjI 0i^-« j-aJI 


Aj W a!) 

^^Ip IjOli jjl y nO» ^1 ^ jl ^( ^jA AjJj>w« A^J-P f.1 ^ jjj SJc 

jl 4-Ui^- 4 -^Jl^i ^*>li 2 -s^^l ^ .cm 15 ^>- jl cm 10 J^Sj ol^JJ jj^- j ^^■j" ^W=l 



OUj-aJi : jJLp 


jLp-S/l <3 AjJb-Jwl rfL-JLftJl ^PJJ . jS**jil ^-^P L?rjL>- jju ^Urjjl dy>rj U_ y~\ 

<3 1 4+f aJojsj yf aji>- <3 A>jl^*i.l f ^ v 3 ^ A^cil j S'*yT \_ 

g-j^aJ^ A*«il J b *^ ! ’ ^*i^2^ ^ «^-£, ,4-*>»«A*Jl a«XA L*J-iP lLUa c(l — 6 19) 

.(V~6~ 19) (J £-3j> J* (.AjJIjZ* ^aJb t}jy 

2 A 

iUjI U lS" . jS"*(*31^3-1 ^ju aS^L*-***!! <3^ip 4J-^3kl A****l*Jl ^ajl y3» - .A m.nJi 

*■-3^^^“^ L»V 4S^L*-*«Jl t3 3j3Ji U.iS"* .ll Ui^*U OoUjl U lS" tA-x*L*Jl j ]rs% 

^Laj .<3j3-l 3>i Aijl^lil gj-baJl 4JC«il t^JUr LgJw« j£ ^^Jl AkiJlj <UxwL*Jl 4jLjj C-» j*£ 1..-3 1_dS" 

AiUdl ^PJU ,f.j s safi£+*^r grjz**] 1*3j*#j tjj^-1 L5^ i£^y*^ (£y*~* <3 <3 ^lUjiJl 4ala’.ll 

s -’^ ^p o^Jaj .(v-6-19 j! 1-6-19 <3 U5^) ^5J^JaJL aJ^ 3l AlaiJlj a*-JaJ| £^ 

^jyJJ aJLp jJLJ bf jyT*\ j-fr&j Lil $S ^ btil jjfsJ CAjjjj A*i2-iS** p_~Or jj Aj*L>w« A**»*LP J*>\>- * 

4jJL> x>i <L*JIP 4iL***^ ^ip £jsj |»--ot* ^j> 5ijl jjl <Jj^ai\ ^jLalJ . A->/JL*Jl oJ_ pL**- * jji 

. a*®aIsjuJI ^3 &j 

^JajaJi Us 0ji-5" oC>*Jb:^l lil 4jl I^Laj .4jJ4jJj>^11 oL^JjJ! ^.la<^* ^^ jl 

oLwJ l*J| f.\jJ^-\ jUoil i*3L^aj^ j.L*lX dA*>/wL*Jl (^ Px ^ 4 i^c-pwaJi 

A?rj oL^JjlH ^orJ .Aailii oU*»J l*J| gll^-l jllail (*3UaJl Jj caJjUj^ 

. A j-Z+~£f 4 j-L>kLI iS^L^JijJb o-i^ 




(^) 

AjjjjJall A*JyVl A ^A kJI U*-?b (s- 1 ) -4-laaj Ajj^Jall AiuiVl Aj^W.aII AjujAkJI (^) »(6 — 19) 3^' 

.Ajjljlrt jja^l ^ ^^aij AjJ>!c ^ SAiJjSI 



ja jitj ^Uilt j cOU-Jrt j rdJUlt oUl 


S J^4» 4*4*11 

l-.-U? ^Ip tj^U OjSC> jt (j 4A*v~iP J5\juit ^J^axj Jj5f*^_^ 

<?rj jt AiLdb*- (J,l ^ljg-yg/* JWJ .tPJ £3 j> y . ( jAV*>*-^ (^j3l^) £jX* ^ 4_^ Jp 

Lit . au*f l l Z+mJj%J i) c^L-Jl*JI £^jJt IJla ^^pju ' dLs*2-L> <^t ^Jp-tJllt sl^b jtj jjj Lpprj jt 

tit Ajjt^O* 4 j jLa^ I I 4jc*iSft 4-^AnJt dj-A —7—19) ^J^-iJt) L>rjL>- Ajjl^llt f,yjo .Jt 4j«__-i) ^ Ju '“ 

. ((y-j~l — 19) J^-iJt) <uJtf ^jliiit aj jt j c-^lT 

S'* it * 

^c)a*^Jt ^lpj jlaflit ^^1 p djjuait <L*Jl*Jl ^j^ajL^P- tAjJj>xi,t oU>-L*Jl \_*5"* 

$.j-^aJl A*»it 4^*1 A*Jt jIj«apIj UlS" tA-^JixIt f jAj L-3t ^yu aS' L»wv**J' Jt— aJLS^ ^jg**> it) 

j.Q 13 ,Za* j ^ Ixl! ^yiAjd^tt 4d jnJLA A *^-lP ^A »Ja of} ~A-*j ^jP O^j—J sjj tit .Ajjt^I—It 

. 4-^vJmJt IJS'L^a jJ^ jlU aJp jJIJ \j? j*v?t 

jUa>t cJL^Jt j ^3 ,^lp Ajj 44jJb^lt L^tjjJaJiS^ cdytiit ot_**>Jjdt ^jja— ^ jj— 

oL-Jlfclt ^Joju j *b£t jUait c-iL^jt j jSnjj caJLjL^I>» iytlit <ot_w-JL*Jt —*j ^—p-J —^-t 

^ ^ £ * 4 * 

dyjLtiil (^>L*/JjJb oJLa ^PJJj ^ Jj>-tj ^\a*~A Aj>rJ Aj jilt oL-JUJt -1 .Ajlk ^ 4^ J-^ jt 6j ntflt 

. 4jyZm*Jf 



C) 



.AjjtjiJt AjjjjJall 4juuiVt SjkLall Aj^i^atii ^jjUj |1| 1^7” 19) JiwJI 
.Ajjl yut Aj jlflbolt AjjjtJgll AjujVt \ ^ xAjojAnit (J*jo ||u| 



OUj-aJi : j-SnP 


V^a1\ SI jail 

j*!iSSj . 0 jjoill A**JUl!| b&LJU^ Lg_»J ^jllil Oj^j 4J)jJ&j <LjA**>>S fl 4jJj>*dl SiyJi 

AjJ^xil oT jll (3*^ l^l^jul .Aaj ((1-8-19) ^^-^l) Aj jl_^* l«JUP A w. _ ..*S/1 

Jfej L«JUP .((c^- 8-19) J^-iJl £j*-lj) Ajjl jIa 4AaJ1j c-Jjl-ftJl 2jjlj C-jlS"* 131 4AjjUslLl A*jL^/l 

^J>C~hJ 'JL~s>‘ 44jJ jil 3 ^“ JJ {£jfz .'WalflA AJ> jg^T 44 jJj^* »Ty* ^ jlidl < 3 ) 

. oLS" 31 j 4j J 31 Ijl 3*1 0 JL& 




>i 


.oJjl^l ^Jjlj^l 9- AajojI A vWall ol jaII |i| :(8-19) JSid.tJl 

.Ajjl jla AjjliLa]! S^jl jJl f. jt >il1 AajojI I^xuAj el^all 

' iS * 

jA*y& LaJLS^ 3^ ''_^ *^ 1 J* A^J J}<^pll AjJj>fcll ol 31 ** *^ ■» * ■ ■*■] 

.^mI^aj ^/1 Jlkj Aj jl^lLl d^jl 3 I AJtv*»Sfl (^£>Xa jS" L«J5^ 4f.L*^^|l 


S jkLJI 51 jaII 

Aa^S/ 1 AjJl^fcll A^JL*Jl Aj (^AJl c r -^3^ , ^ AjLJu^ ^3^Lj 4-j a^juil! alyll 

AjfiAJ Jj <■—■JjLflli ^**^*«iJ Uli 4 013l Ajjl^L* Oijl^l AA^i^l O L<J.4 , P . A-j il 

Ajui'b/l 0 >il oT 31 4(3y^l ^iaij j 3^ .(('-9-19) JSLi.—ll) Vj—^ 

.((v-9-19) JS^Jl ^j) hj\^ vi-A 





4 j4 j-w ^ AJaftj 



Iflafc *jJa Jjja 



M 

I^juJU ©1^*11 (m) -4-laij Aj jOaII <Juil S^atiLail alkali j£jJ (^) •(9""19) 

. <J^I ja-a 3^)^ <a]l ^ jjJaj-a ^.1^8) -ijJ)-o <j& o^pl x^all 

y j 

.c-U^-^/i ^]ai cJuoj Jlp diii5" JUJjJj ^rja.31 ^>!t>- J-P oyciil ©TX»JjJ 

^JaS '— a ^ 1 jA+P LalS^ . g.jj./©ll OOlijl LaJLS^ L a. IS'" 

(^SJl 4^jj jjjllJl 14j<-k>«-* ©I j> ^P (^iJj jy*P j y3, 8 l— . .. j * . IS" 

. 4->.U.„ >• oT^J jUL* 3 4jJL >%-a A*mJd£ C^JW^j jj C~S" 

J,Uil ^J^Juil ^>rjli^l JaiM y^ll 3^1 £~j)a*x £*lJ tAjjjS" ®^^ ^l)jS\j 01 

y = A^Ult ^kSJlS" *ylfsll ^kali 3* Paraboloid ^ .paraboloid <y^ < 3 ^ ->Uj^ 

4jjIa4 1j*lS" ^jai l. a ‘P J l )J L*AlP ’&JJ^ tj J- ^ C*U J 3 JC^ 

(jJb jSLio parabolic aij.f ^Jb'j) parabolidal STJIj oTJ.! 3ylll Oj£j 4^-TuJl 

j* 

3 jjlp ij**S" 3*3^1*^ i—jaII Aa»*mJL> 

(4-19) 2jLu. 

^^3 ^3 <J1„^j ^Sjl L^JL* 1 ^4^<3) O^lll £jA 4P jaa/3a ^-LP Ol j 

4jjUL* ©.^aJJ 4-^JjJl oJli ^3^3^1 JjJaJl jJfc L* .<3 ( j^a*j^fl c-j-iaJl _j*] UJ_P 

?3,jj^' *U—3b ^j!*-1 Jj^aib 



OU^aJl : jJLp 


(4-19) J* 

cdJLiJli .j-f'-Sn £jvali LgJ> JjjjSH $■ jvaW *L ~ « j Jb ^IpI jl*~^jl ajj ji jU-sSol AJU^i d)i 

. j^“S/b AjjIa* Jjlail j*AA - ) c£^Jj b? <3 jjSM ^brjJl 


Sj-uitSJI CjbjLuJjfl 


jSwJj ^pJu .oLxJbJl oui?jj ^*j .jJas* ^L~Jl 0yil! <J jjS/l obj^L-JJl jij^ c£ j* 

, J*** t- — * b** 1 >-XP ^ OkXdkxjl J-y it 


^^LAxSt jJliH 

^jaJi ^Lp j ttS' ^LJl 0(3 ' j—IJL p — JLp j ^N jjt 

.d jXJLa 4*mP A«»^.-AP^ Aj wij>w* ^mmA' A*>*Xp 0^^-j b^SwJL CA ^w l l 

( j^ljlj .JaAJ cJsbw^l dJlP ^JLj ^jj*bu SJLjlJI ^L*or*)U Oj -*Uall j\ ,bI Aj^^„* Ij ^ _^j 

c i«JU ((1—10” 19) ifUM j^L&l .Iaj w ? 30 (J>i ^bu Ajb*-*>\Jl —Lj 

JytLe cjjyc .Uaj! A^Wj>Ws<£» jL*J| Jl j^aJl jj£jj .^Lm^t^AJ LjLJT. bjlp 1^ laJL* ^ L^\ 

^y^\ Jjjall ^Lp JukJjuj Aj jljJl jUaiS/i L4 oapUoJ ^1 ol^1 3AP AjI ^Ip ^jc. 

.AZLjd! A^-UjJIj A*^-«*Jrl A~-JL«Jl jju Sib-Al ^lp dJii-iS"* JL*JUuj A-^JbtU 


^LJlp olJ^IS^ o^Z>“1 . Aw?j^/I Ajj^Ji (j Ojyxw? 0j^?rts^ ^aJ-JUJ! ol j—ISsJ! 

jviax^ JLp A^ij yi^fl jjazi .(in 1 j!^) Jaii cm 3 j! 2 t$->oLiP —Lp aJ—^S/ l 

. 1 \j 9 y> jk\ d«A^*»fc<* AjsJ J ■ a 1 - ■ i 1 * I b w\_A ^ j /3 x j ^ A-J^JLwJI (^aIj^^s«wmX« 3I 

^L>-iJL]i i* r ~>L+* Jcs- ywaj A;_c- 

^JJl <^^3^ Jl^i t« -A>- (jl dj^yali <( J^C L« (jj_4\->rjL>- 

.j^IrLilb <3 0<AA ^PJj .aJp cP jSwJl]l jwu ^ 


®jJ-6-^* c£*^ JJ^r^ ibr* a JJ’Qr^’ C)\£* ^ l)L*^s- * 

Aja-**Oj- A**jp yLS^ jSLJL' i_aL?j .jLJIp ^^SwJu ^A*, yaj ^JjJjCj 40AjlUzII Ajbj—)aj 

^J^iJl £J!-I (^jLSsJl j^lSOf 0llj . JW2-J J jiaj AZ-P A^-jpj LS?J^ A__iJj>w* 

^Lp'b/^ Dj^-aJl ^jp 4*+*>•*& ((cA~ 10~ 19) 

AjZJtil A^-JUiiJ A-J^*cbi A-^JL*Jl (ju AiU»sil jjl Aj>W>Ij l jj-^aJl j.A_ m*^Ja__oj % >0 

A—xUaU Jjiail A-^-o 4 ^-^ A^5j^I c 3 i b*Lf Aj^b^. a 

,A^w«»^^Jf^ A*^JaJU (J4.31 



jaJ\j ctUdtj cOUrJrtj <£^1 ^ 




. ojx&a A njr- A-wUc-j Aj^xs A_iauia. AjujJC. ^Vw hj (I) ^Lllxil jjuil£il *^10~19) (JiuJI 


.A-AaJa AaiiO <xii-lc. j AjO* AumJ> Ajutic aJ jjuA£Jl 


<J <jy>UaJf hjjJf ^ JjS/l Or j-xJLj [ JJUJl 9 y}\ J.p ^ jJL^Jl s-> j£~4iil —aj 

j^^j l»Or a^w? L^^ajp 1 <JLJliJl oj\j3 ^j j^UaJl Aj JjJl j y^~ j^^A •j^ u ^' |» c . A '^ * 

oli oL-JlP (_£jJLSlii j^Ssj ^Jj*lp jwu ^jSoT . A ^;jA jJ> AjUj*)^ ^j * 

Cj^j^lll jS' US' cljy^L® A^JL^Jl A_*x wOJJ ^3^^1 OlS^ LuJ^ ,Qjfc+&&J aJj^-1? A-J j- ^ (Jl^. -lal 

.LuL) a^wvi ^ -I A-^JbJJ ^5<J^i^Jl s-Iaj c-^ 9 ^^*31 ls^ t o J (3^*^ <—^jJ'd 

A-^^-vw^rl A**~L*Jl jJsl3 ^--‘•“•1 J (3 {J*^J£ J^~ (3 ^ IjJl (3 j*>^ -Or I^Ij 

.(l UJ| 31 ,y» OiiOJl o^T j aj^L& l jJ<fs\ fJL«J .(m 1 ^ Jii J>s1) in 40 


jS^Lill aO lJ*jJcij .Av^-sJrl oL^JbJi ^Jl ol)jSwJLl)! <J "Up\lA AJLjc« ( J5^LO Or y 

■ 

<J,j Ajjljlil aJ( wi^T Ajj^SOi AjO^II oU-JbJl jl aJLJL>- *jJ -ll £tl_J 

Ai#l^“ (Jj jl_Ll ^LfcjJl AjJ^J i A*-*-^«M^rl A^JLaJI y3 y , i3 j ^ 

-li>- ^|j AjfljtJ A-»-«-w*Jrl A-wjJjJJ t3_^l jl .£jil {j* <-r> ^aIIj jiii OjS*j ^jP *>^13 

o jyS' Aj_^Ij jUail 1^ ^Jl ^L^-^r^ll jy+& o-i^ j^jllil l-i^ .A—**oJl jy^~ dyb I-Or ji -.^* 



Ob:JL p £^lsll 


bfr?JQ.«^ ! A-XkAjtll -L>«0 d^-*Jkl ^.4AkA~Jl d-* I^tLS”" tL**—«j 

.bj^S" Oj^j 01 Naj Paraboloidal 

^ ^LU Ojy^aiJl f.j^iaJl £-1jJ JlJ?l 4)fly^Jl 0-A*Jl <j ^-b*-J 0*J 3J^l (VJ ll 0>A ^ 

4jjLO ^g3t»,«.a.Jl f.J.,^11 <0*Jb y&\ 4jJL>«-« O-Ap JJJl 0 . JjJ ail k*?r Jl JlJ?*)U 0 J*~£ 

oiJL o'yi* oJbi y& .j^Sfb 4jjbL« j^as\^ c jA+0^\j AjjbL* <Jjj*^s j-^ij t *a-a 

4jjl J jllaiS/i obj oA£ oA*M OMj>- J^j ^_p*Jl J^ J 

J b^JaA* oL-A*Jl dJ3 01 . <*S^jli tZsL^Jjj! ^lA?xIv*fb J*IS^ J^Oj 0^-? J^ J^-Oj (3. J^ £ij—^ 

oJlA .^PAj .{jUali^ 4 *jA iU-i <obC. bfrQ ju *-> ^bbail ys\3 S^Us-J ^ Jl y (jS*y~&-* j5”1 

,^b^yi oJlA o ob ^^aJJ| b5 o^b* 4*j jJytfl <J^L^»UaJ{j A^q^mJtI d-’b^ A*Jl 

1 y* 4-xJLnJl O^^j bAjiP .d jfc£sS\ 9 d^b^jJjJl (Jj 4-w*A*Jl J-fcJ OA A^; 

If f s* 

cjap-'y ur t j,ir j^Loo uu* £■ t>r ji . bj^o o&jj «jOj o-^ ia>* biu cLj jj m 

dAfc y yal>xj^s AA> J? 4 _£l A^tJ ^ . eJw?lp 3 djib ^ip ^ w ^l g ^]il* - ^sAjI O-jIj lil 

.A-OjS/1 oj>bbl Ja?- jb>- Ja> cbilv-b 


4«utSi*it djUjLuJjit 

CA-^A*Jl Jjh j CO j~» l^Jl C->»b^^wJLxll 3 b^J> C-Obp ^Jl J5" lol l ^jlp tw.iwxll 

^ ,sr^jfjj9fgrJo^Jf 0^^- oL-A*] 15^ oL-JjJi ^lJb>LU-fl ^ \Aj LI^il _*-b 

' * * * 

^JJi <jJl f.j-Oil uJUtJ J*)b>- ^ IAjI f.jjail ^-jbU ^..^ iJ l yi. t ha'i 

y c_ib09l dJbij jS 1 jbU^L ( A-LvaJ tL-i-bbl ^4 blJ| tO^*- j ^ j- ■-* i ^H j—Jo 'y 

. Jfc^lil 4-L^-JU^* 4^>rl ^j-4 O-’bwJL*Jl 

o«Sljdl 

* * * * 

y* <j b*A?^u^ Wj' JIjj V . JjUt cr 4 ijl^" i**0*"Zp if i y yj 

* ' ^ * _l 

jJl obbi A>-l (j AI*1* dyO» «Iy J \jjj+dt ^j^S'fjJl <Od?jJ jJl 4-^5"Ujl ob^L^_Ul 

4jjIjj A^jauw* djjiv 5 dTCO" .f- j-saJI ( jLiA«f'y ti J>-yJL* <*y ^^>-S/l Sjb^jJl 0 ^SvJ . JjJ b 

c—3 (3^ Or 4 j>»«3 4 -jJUrJI <-^AxJl kSy^z. *-r J j^^bl 4 j>- yill 4jb^J—ll 4 c.-’j aib 45° 

.(l — 11 — 19) J^sOJl) 0<A*Jl (^JiJl 

oT^JJ Jbuijl Jl 4iL«^ xjt uib J^-io yaJu>%A ijljJl f. j-saJI y2j *.j Aj»Ja-^ Ll dTj Ll t ^ ? *£- 

^Ja^Jl 4 j>-L^4 OIj .CITl 20 bi^J^bJJ A-^i-Jrl dTJl JaJ 01 yy\ Ly **J jLt*5^ Jl 

4aL> JJ? ^y y SjLp VyJ' Jl cJlT lil .(cm 2 ) ^j^* 314 L>J; ^jL-j Si^Jb J^Jl 

.0»^*Jrl oT^JLi JSJl ^JxvJl ap-Lw« 4jbLb 3 ^jL-j ^lj tcm 2 9 aJ^JI b^>-L—* 0U yy*** -3 



cOU-Jrij ^ll\ 





t(uj) yjjji-kjlSJi ^J^ljiil ^ .1_J^J a)l\ (Ja.b eT^-all £-Ja jj (t) ^>^1*11 :(11 — 19) j£*Sdl 

.AjxlwoJI alkali ^ S' 1 )* ^ AuuiAaJi 

"^iUr jpP Ajl ^Ul ij^-i *^6 AJjj j-Jl 

£-Aj ^L^rS/l Ajj^J Lfc-UP (jgjjj-iaJl *j—^ tjJiJ-^ ^ t—-*^Sw-UJ 01-S"" 

aTjll ^1 $.jQaJt A*?rjJ (_£^P-l aaj ji? ^lJL?»I«^lj tol^-lpj^fl aJ-A ^1 p <0^^ ^—■>lpbbjl ^—Ip 

. AjLjfcJl 




3 y* jJ* Aj.A>«JJ aTjll C-~*£j ‘Q /^'jJLusUsJf ^j+'S'Lp- 1 1 19) £*.— ^yt 

Aj^Lpti.) aTjll ^jP £^<^aJl ^a^jCj .A^-A^^ri a!j-*-U (JljuaJl ^j^\ (J^jaJl ^jA aT^ll \Sa Jujj .^jSsOiJl 

,A*l**Jl A**> A*Jl (J? y^~ A**®-w^rl A**#Ujt]i ^j* c3 <w»A> 3 


0*3* 


>b a. 


0 l AasojlJlj 


aTy* j LJbjji cyjJl ^IJLStJL^b yc^lSsJl .^5" Ip 4pb-^> 

Jfa a)l a) cp jS LJ bii (3 a I jll y....a> i y— 



T 


: J^p J*aiJl 


0^-J ‘LJLjJ b ^ A^L^-P- ^*j- ^ —***l-^siI "\ ^P 0^ . A^b**-s^ Jjl^ ujj j»t jj>_„i£ji v 

.^l^..i*»ji ^ J lJ./ 3-w n *■»j^ijo*. 

cjjLdJjfl uliuslj^ 

Oj^L«Ia1| ^ iJub^ . <ull>J.I pi ^j t. .J<LJIjl5 _L*v- 4>La O-O^aIaU 1 J^*J jy*J 

,v»' jiS'Sn 

jjjSSS 

JUJj tLi*3) . Jl jJlJ C--^“ ^L-or^/l j^JxJ tX 4 J J^*jJJ 0jib Iv^jI ^P*Ajj t v ru-^i// 

^Li jjb jrL^ijl . (^jytJLS o J jAJ *) L^l^J j tL^i*3l jA yfz jjl oJl*xJ 1 ^—^t_>- oL; Js^~— bil 

bl 0.5° 4 *-J i Jai JjIJj ^iJl l yJ)S\ x20 V*^fellkil c£jl J JaJiil 3 lj 3 jl JaU 

<U^<J Jj Ja3 JjUsj ^Jl jA-fiJl JLp ^^jil X 180 Jx^; • 10° 4**»< J Jflflt jjl> t^J^ailj oll*3lj 

.3° 4^J JlAJ ^)i; t(OrjjJl ^ V 6 o) 1 

i\yj) JUiil Jj£\ JJoil / 0 OlT 131 .4^1J 2 U~Jrl oUJ^JJ aJ >1 JlJ>Sfl A^JU ju£d 1 

’.Axaa^)V) YYl J^*lp J^-kj Jbilj^ OAl-b-^) 4-lJI olj^iJ J^Jl JJ*il j gj t4*^w*Jrl 

»* = /o //e 

.Aug^n .^-1 si^Jj Jljcflil ^^ 3 J^Jail aJ>L)Jj l »/2j\ i^j ^SC ^J I ^J- ^^* 5 ^* AuP olA« a*» 

.^yail) oT^JJ JlxiJl ^3J y^\ laim A^^>- oT Jk 


jJr J/u all ^1 p < ~r > ol^*| t 6jJLaJb L/a —j 1 ^—pJjj t4—/~l// 

* f, * 

aJ jl? oiI p ^li :j SjjJl ^U; .^.Lk^Jl a^aj j\ ^\ll ^3 ^^3^—?r y* 

♦^|«^33l a5uJ| c-Jl5" jj w? ' 3-XxJl OtS^ L«JS^ ,^a^tj3 /3600 O^* 

A>j>ix^ s-L»-v*Jl C5^ Sr^ajji ^»La1 ^J</3 „ 3^?' AAjj jail 

|jj> ^il A-^JUJl oULJI JaJl j>- 3JL?xj LS*^ Ig*.^"1 < ^>* O^3 jgT ^ 

jlJUU ^^Ja-w*JJ a1^2jL« 2jaj^|JL>«JL^lj ^xuiil ^2 j>iJ ^^>-S/l Aaj^ jail .eJ>U_il 

. ojl^Ul k-*> *ij! ^J^yaAiil 

^ < JaLx > o ^<J l 0j j^aU ^^>^1 4jjJl ^ . - 1 1 i"i . ^y^A ^i.>- Jl j tJi^oil 3l-J3jb 4_3Jlil 3bj J 

t^l Javs I A-JlC ^ajapl Jli- b ^»-v^ l Aa^^L| oT Jl Ja3 jl A-w-JL*Jl Ja3 b J? L^Ju jjJ JJjLxil 
jl ^A-iojc* 0 ^Lil AjJ^il C-JlS" bl) ^jlJl j+fi-i oJo- Jp A3jJl JL^Sju CiiJJjJ ^iUis'^lj Jr! 

.^a**Jj ^1 aJuLc ljy*lS^ i^-4Jj>ti^l bl) ^jL*iwi^Jkl -kJt ^1 A*iljp^Jiil o*>L*aJ-I aJ y^>~- jJp 



ig\yH\ :£Jdl ^Ul 


Q*y \ Jtixu< 

. O-l&Lj d OJ f^yiail ^gip Aj^-iJjj ^ ^-LajL» ^^**<i«ll]i 3 f. ^.ygll (j| 

j! a^<wL*JJ JIxa]! ^Ja-wJl aJ^Jj 3I t (m 2 ) a*j jll ji (cm 2 ) a*j jil olL aJjJl^- 

C^Ls^j-JIj Ob>-Sll ^y3-*J (3 ^JLP 3^r£ • l5^ {£ y>+~-* 3 4^a>L<L* A^*— --M oTj_*JLJ 

.(in 2 ) a*j>1 


( j£c tA* U*-~Jrl A^-JbJl Jai lJuoJ Ljapt 13J t^-lif w^SwJll — jJb 

!4ju^a 1| ^iJL>d-*lj ^ £J^ail 

v4 =71^ 

O^^j c t* ^j^p ^j**0l 3 bl .3.14159 bj^A> 7t 3^1*** 1 d >« 

.a ~>1 ^ 0 JUL tJ b^ r OlT blj <%»>1 

*y»~£ ^Ja— w>L~>- tA* oT^il ^lai <3uaj I’.QaPl 131 i^«5^\jJl ^j^L*. lsll A-—_Jb 

lAJu^aJl ^IJLpxX^L y| £jyall 

A = nr 1 -B 


ji-jtiil j>- lil .Aj oT^ll o?i—ij (_£^>r t*■£*——>■ 

jLu^li A* jjP j>ydjl 3blj $Ajlj jil Ol^IxdJU-JL >4 tAjujil OljlodUwSL 2?j ol ^ UJLL^Jb f ^jp 

. 4 jw jil jb>*Sllj A c a*j jil Bj 


jUufl 2ujJ\ Ji* 

* 

cLJUj dlxSor .f.Lk-w-Jl ^a aj yb 3 ^3 jJJli c<_-• jSwJLdi a^»JaJ 1 ( ja jJslJI -Up 

wllll jjjlp” J ^ J^i, ^j£- 4 .< } } g ,1.a i. v? ^ . M ? r (^1 t < 1)1 

c/'J^ Q ^Js»j^>fcil lui q (^jl^l ^UaII ^j jjai l 4 jJj M^ J &>■ 01 - ((12 19) -^ 1 ) 

-bJL^ ^ cJwaj JL?“Sl! L yaju 3 ^ J^/j d^Urj-lllj 

.tfjlj» >i« 

* * f 

AjJ^Jl ^J-i>- 4^..«*'bij .bLft *>L»lp ^SLJill j^Svj jd*j jp- oUp ^jIp AjjJU ^jllgil i ^jl^-\ X«xx j 
^( 3waJl 3i J-fl^-1 i j!aJ)s^j iju^ill o*-P-ldaj bl .AIjIj 3J-*lj*Jl L--^1 p J Dali 

.c3L>w?l ajujI jIjlSj:. JiJ-1 ^bjj cAjLb-Jl A^JiJl 3i bl 

Ix—lj jJ-A^-1 Oj^j 1 Ua.J jtil 3^1 "” (3j-*Uail (J^“ ^ — AjJ^ l 01 

4AjL3 Aj j*\]e ^ja^- ^>-1 id^L-UP cilllCj .90° 3 5 *“ jl 60° cd^-3rl d^b-UAJl —« 3 

• 30 V jsf jl^ji ^ 



oUj-4-Jt :jJLp 



uiAajjIU (jjj jij q 12“19) 

•1/j'j^ JVj ‘(3^4 ‘jVj 


(j U>^]a A-/-JuJl Jja* A~^J ^Aj Jyljall Ajj^Jt ,JJL>- ^ 1 p J>-T ^JaIp yjj 

^ aJp J^jSlc. c£*^J p-JaP^H <jlJail AjJ^) l < JJL>- jl5^ LJ5^ A~~Jl eJlA cJlS^ L»iS^ c4_*l*Jl 

<JL*l £ aJj^J aJlj AjLwsJI CjLj^SLJlJI d^yu^a ^Jsudl Ajlijalt 4 jJ^J| (J0j.j\5^I 4 cP 

. JjJL>* 4 ^ 2 j yjl j 6jy*zjd\ olj j^LJLJI (j ^b.wil Ailiail 4 jJ^J| 

(5-19) ilyu 

SJjUL* L^jci^ cm 15.0 A;w*»w^Jr^ Ais ^jp 15" g.j .^11 a^ 5 ^ L* 

.Aj jZa 4~~1 J^P S->'^ ?cm 6.00 A-^Jrl aJI jj* jh 3 \p (*p 

(5-19) J* 

A-—J <w~*nLlj jJJjJ dTjil jf <L^ JluJl ^LaJ cJwaj Aj f. j-jaJl ^Ja-« <. - ^l:r^ 

<U*~j ^jA £A <-J f^S ju s^SH (■ j-rfaJl AjjL^/* JJ U ^SwJLdJ C- j-^aJl ^ *-£ £*Ja_ sA 

aJU“I d<Xj* (Jj ^LllLjj ,k A^mjJI ^pJJ llPJi .Aj^-m^-l 

k= 15.0/6.00 = 2.50 
A 2 = 2.50 2 = 6.25 

<-*> A. fc » ^ (_£.Ui 44 —fill) 625 ji La*— sA> 6.25 j?—<-*>—LJl £. «j£ 

.ywaSfl 




cfrUaiJtj cOUs*Jt-1j 


(6-19) <iuu 

.mm 20.0 wJrl a^-juJU Jjjail ^Lj 6 x 100 l£ jl~o «->.J^tp of ^ J*\ 

4-w-0jJJ ^j£-\ (J^JaJl yfc l* 

(6-19) J* 

f t — 20.0 £aJJ" 6-^ d-Lfc 3./o A-*^ o! . 0y*il ^—^aJ\ 3 ojj^lxll a*, .yah ^J->*j^I 

JUbj .m = 100j tmm 

™ = f/fe 
100 =fJ20.0 

f 0 = 100 x 20.0 = 2,000 mm 

— 2.00 m 0] J yi*** of Lu^x .4 ^*La» ^L#jl aj^\ij p 1-^aj LlOjU 

(7-19) AiLn 

. AJLii 20 aJ^U u 0 ^ 0^ ( 6 - 19 ) 3 oyy c£OJ^ jllali AjJjII ^|a>- ^ y* 

^Jl \4.~Ju aj j^]l aj jlj y y mm-10 a-^p a^Oju mm-20 A.:.«lt a^-juJI cJjl^ 1-1 131 

?<_>j^Ljbll \ 1 * 0 y^j <^iJl aj jjU jllali Ji>j] I 3 U irnm - 20 A«:.»il a^-OjJI 1 *yy 


(7-19) J* 

jj^o 4JJU-U .mm-20 Av-o*Jl o^jjj t£0^ js-Su)I mm-10 a~*^ a-o*J1 

jf lJwuJ UjUo* mm -10 a-~p a-op ^uJl v j^LJbdJ jljall ajj^M J— *>- 

1( jjUi 10 aJ^Is jJL c^oJl 


S» 

A^Jj ^.<**/s > oL^-S^ 3 ^«a</3* AmXo , c_^j ytH 3b"rl 3 XJIj aJjLa^ ^ 

jy£5 J- 4 yj 01 L^Slc .oiy* ajJL^w* oL-Op aJoj^JI y>U~i O^Soj yO 0 U>-l 3 <up ^jAi —54 

5? > ,* 

.lj>- AjV <-r^ ji*' A^f 3 ^J Oa A) .x20 x 10 ^J-sAj 


^yiLuiVt 

^ y£2x > 3 CIjrt <1^3^ A^-w^rl A^-wX*iJ j 1 ^' tJO^j^J •L/i^'OP 

AiL^C. A^g^Jrl A^JbJl J y djjv> oJJi ^jP .l^iJI a^aJ' a- 0»yj t Jif jl mm 1 

d J J-/all 0-Lftj A^k-w^irl A^>-Jjtil (j\j ^ L^pJjJ j) AiU^il 0 y>3 .3 (J>i AO y^a}\ buZ^l 3 y 0^>- 4A*at» 

,A :i ^w^rl A«w-JjJl oO^ii ^5 j£-\ (J L«jli 



JjJLc- 


4**ydi j&i} .Jml) ^5 j^\ J y)aS\ '•jA (J jb\ 4*JLy»jl 4 -w-UjiD ^j£\ (J j^\ 0j _ 

c-j-^a Jl jS> lj\j^\ j\i y (3 0^^* ^ — il <£* a^l Ojy*a. _ // 

y m j* U^>**** UaJs^- (13—19) . 4ibLi (^.flygi cl-Jl5" 151 Ai-jJl jS> 

. o jU 1 4-ji-S" ^ <Lj j.,r-a ll 4>xJ*')l 1 j 

a % 

JslJ Jj ^1 4jb*odl jJ jJLXj 1*jLipM ^jSv-Cj t^t5"I jl ^Iv-wlP 4-S"^il 4 j j\>vll <^JUb—C 

* ' ' . 

;*^3j L«UjLP tL*^4^P A*1*P 4^*iJ ljJ A^wmjJIj OjIjjJL—* fl<-LP (jJ_!5 . 4^*-*-3rl 4- 

a J # 

j jj&s .J 4-5"^il .^3^1 jj-^J ^bjj Jj^vai 4-^**3rl 4-^J^iJ ^J j jail 

1,000 4^»ll* 4 -jPj^j 6jj-^ j* ««-* ; > 2,500 —>■ 


^ -A. 




ts-UaiJlj :dJU)l «—*Lll 


jjs>» 

^jA J5" <U^2lA tl$-L*l£y> X^y^\ cfjJ j£- J*>L>- ^ jil J^\ <J f-j-^aJi J-S"y -£ 

^-^5! Ju jysJ') JaJ-} dSl AiLib aJT jij dJJi *1^-1 .JjL-^ 1j JLp^I Jl j 5-; u*Jl 

<* 

I 1$-a J ^Jl Aw»—A^*xJLaJ) ^*^/* A3L^» <nLnw< 

a~*~Jt' oU-u]l <J jJi>- (JLtt-f'l 0^SvJ ULo yTyJl jlS" L»J5^j JjlaJl jlS^ LJiT colitll a3LU <J 

•Ji' j' (nm (2 X KT 6 m 2 Vj l y 

tLL <—(J3 jjjCj*. jA-fy t_^l ^2*2*^ LS"*lil 

AU*^ ^J-vai AiL-v* ( J>rl ^jA djllX 02>^>r O^ flj jyaj .}jyJ ©J>lp , AIjIj 4-1 

.(in 6.3 L yj) cm 16 .a~**JI <—-uJ' j 2L*~Jr! a^juJI 

AiU-i oLs<aj jl a iUJ- al*JI cJtS" lil A^l^-j cA j^ adJi JLJ alaJI ijLj^ t_3lS^ d^U^| r* L-^* lil 

j A-iLi ^1 p aJj^ fljj-/> ( j^XX.j A-lj^Jl A^-La]I -J j&L cy:j tcJii4-l .v* l£jL)l 

L* $1 A yL fllll dtoLft ^J*qJU (Jj AXw» A-iLi< A j j 31 ©JlA Aj ^Ja# dl jA .A3 j— nil 

.Av-ui>A> A^*yJljj aL jJaJl A^3 j^\ C->li ^ 

JjW'/ej V-A-* J >1 J>li _^/ 0 ot Jp >1 .(14-19) JSLiJi JI 

AaJmxJI A-^»JjJlj A^-**^ri A*>-wVxJl ^-s^J f { j^ A^UaJi A_ *j* JaU ^ 3 j^\ 

AtL^wJkl S 6^ tj «,all ^Ja> jA A^Lwh^I (_^ j?r A . J1^ }\ j .a 

^S) ^iaxj .jLi>-^fl J^3 ^_*^sjU ^Jl (jljL*S/lj) A-JL ib l-1 Ay»^s. j r^ A^ Jjjl 

Aw ..^a lL) (<3U—■3l IJla j3 /w ^ jlju 

^ = [(S -/ 0 )/f 0 ] [if, + 0.25)//J 

^Jalfc«j 4jL+**A j Aj jJ l<-Jl ^ytU A>wj^l^Jl AjJ^ li AjJl^- 1 AiLvAl Jfl-vwy> 0.25 ^Ji_X 

.m 0.25 Lj>“ ^(*—Jr' ^djj 1 ^-up ,yjJi 

. A^maJI A** wLwJ^ A^»M«.». '^ r I A^-v w\jl! I C_^^V2J JsS^ AajUJ' AAj^J aJ! ^y3S>^b J 

A—Jjjl ^ju ]a^>*^ fr\ ji»l ^IJL>tl^l ^JLp AJwjtj !j A^^-Jr' oL-JlaJ! ^IJIpSM o3-A -LijJj -£ 

m e cJl5" lil .Ay^til A^-JlrJIj Aw«-«Jrl A^JLaJI ^ju A-^LaJI AiL-J,! ^JS' £[)j£'j cA^LjJi A^-UJlj wJrl 

^7 A*l^Jl d y]l ^i,lliljj (A*a**J-I A-w--L*J! dy /77 q^ AaJLmaJI A—xJLaJI dy 

w = m e w 0 

AjJ*dt ^Ut j 

j1-La> ^1 AijJl JL JL^- Aa^-A AjLv^I jvaJl A^«-uxJ-t A*^-L*JJ A_ j^JLxJl 4>r.Zu, ,d!f j* Iaj 

.tiJJi -L-L^- A^uLT (15-19) (yjJl J.^Alii 



:jJLp £->U)l 



. (Jxualiiil (j-eail 1 £A.lj . L_j£ja 11 Jg > oil L- \\ l(l4 — 19) 


L 

I 



. Jwalilil jj-taill - jg •> A\*\uy Jl < p JuJi A AjJau : (15 — 19 ) 




ja jllj tfi-UiaftJlj 4 OU. 11 1*:OJt£Jl oUl 


K .Uj U*S\ A~-Jl*Jl £ jA £ jW.\y/l jjS^ll aL}\ j P A^}\ y> jlil L c£^ 

jl yS> jiiil y*') . <Ojl*Jl A>OaJ L-j yM £> P j$ jl Ll ^ 

ju Ja->*^Jl A/ .AlJ ^ j y O & «.* A l j\j AjjljJl ^Li Q o 

,A4 la **^ll jL*^jI A-jy r m .Ujii ^_z^l la**^ll IwLa j^^j .jLi^'yi ajl*JIj 

A. q A^^wJ-l A^JjtL) Ap-biJl A>«JLaJl ^ja«7 ^UIjj 

A = ^ sin 9 

/4 0 d-iLjjJ JO ~b*-y . < JOjI aS-lII cJLS" US' tj^S'l /4 0 Uj cJLS" US' 4 A/»Ul aJUI 3 

I^jajc* ^5(J^JaJ A**Ub JJ A^^-sUrl A^JbdJ 

.Uk-^Ul A^Jl*Jl Jai SU j AjlSl*! • 

,r m U-* d^Lj AJlSU • 

. 0 jU^fl £ A>r yA (J y^ A«jl^-«j ® 

CjU' ^JS'-JUj jjyw? j^^-Jl jjadll 0->li A^^.' j rl oUjUJ ^5yM (J^JaJl j^j— 

jJjujal»*u p-£l$ 4 Jywajjlll jy Jlp j~U jU>-Ij £.UUJl 4_Uy U-Lp tAsrtUlj .f-Uil Ou? ^-fcj 


^SLc 4 jJ-UJ AilO^lj jl jJUi ^Jb .U*J j>*aiJl b-jll J^la 3jjS/l £_ll ^iJbw U 

jJU . 3U^I c^jjJl5^ caJIp jUSj! o y Ja^-j J,^ a ^\j a^^^LI a->iJj»J| ^—j A/ia ^^3t 

AJ^Uil ^Jj) .NI ■ la*.**^ii g-jvall AP y^M fjh+j 4jSl A-^JLjlIIj ^ la >^j A >?j* (J 

yZ*JL£ yby l^i> jylj -b*rJJ (•■ i ' 5t4j>r J& .«/ 9 Vl 

A>tli yii Ou<aj j^S\j O^P; A^^or A^JLP ^1 JL>«JU**\j dJJi ^y2 Jjju /^sJT. tA-*^***jir! A-^JUU Jljuijl 

. AJwjJI A--JL*Jlj 4**~*mJr\ A*vJL*il AiU-J^I Jj y\ tljviw? L^>r]a^ 

c-jOJl L5 i^ ’C^C-jOJl ^ ^!*b O^ill -U^j f-jO 

OLT bl {uj\ 60^ M .v3 jlil ^1 ^ip u Jjj ^Jl l +-JS A h >JL ^\ j jL_U 

jl j^l) ^^LJl Ajib-I f-jOll ^v* AP01 ^ll l) 1 AilO^lj cA?rjil (Jjia -L y~y £ 


^J^vjLsj ^iaJ jl V ^ll Ail«JJ 4^1 ^Juill jl Aj^ iJl oljAl J^Jj (l3j jl jf jja>-l jl yUal jl JUj^j 

.^j^a-j^l jjDl UJb JL ptr 

(8-19) 4JLm 

, * * " 

U . X 5 ^JLjJI A^wJLxii 6 yi 02>JL>- Ul*; t X 10 c— S 'jll JJ A-^-w^fl A-y**JL*il 6yi JuJ^- {£y>r 

?m aJ^I aJbfc yk 

(8-19) Ja* 

j^*^vj ^iljo .4>4rl 4 ^Uji]| 4-4 

m = (5 x 10) x = 50x 





aJLl » 1 4^jL^ ^jP l " -:*~' lit OwX-^r Oj^>j . dj jj.,^all .XiP - ^^1' !j_& (J§ ^<3ill J, P 

$0 

.i_;b£jl iU 3 ut LJLf- 

>A*P , lgjLLi f * ./->V A&-y* 3 jb ^1 £- I^L«Jlpl ' li^1? ^ f AjwL>x> <L^»Ap . 1 

3} joVlii IJLfc 4*—-*^^..l "l l **. ; ^».■,-■ > - d~L^S"" 4 h^«IP j*l 

•c^' ( a ) 

<jj (b) 
•O^io ( c ) 

« ' * * 

Jlj!?l 4 .^.;Hj <U*uij ^5^4 JjJaJi 4jwL>*i.l 4^-JuJJ jl .4ii?\jP 4JaJa-Jj <l«JJill i V (d) 

. Lg-J djlil &^1 j^»l 

.mm 25.0 I U^i? 4 ^jpj onm 1.00^^^^ v--*’ c£Ijt ^ii .2 

y* L. 

x25 (a) 
x625 (b) 

J-Lj 4Jl1aJI 4il .^>£0 ^ 14^> -xO.0400 (c) 

. j^SvJl ol* jLiil o' (d) 

. 1.33 »jL»5sjl otl. <3 1.52 jL^Sol ot jjl^Jl j y* y** ^ Ajl —al .3 

4-*-J L» jUt j>P yLj 4 ? .*>.; H j 45° 4j jljJ jJl> fclit (J -^^>«-~> ^ 

?f.\ll J^jJLil j^liu L»jjp j-naJI ^t*JLil p-^Li) 

38° (a) 

54° (b) 
N45° (c) 

4j\ ^y» Ijjl f,y^\ j£ .4Jtl o\sf~ 4.3^:11 4^J-ftil ^ ip 5 jjij Jj>tj j \ ^d) 

.^L?r^3! ^Jau-o p-JzJjJ L*JllP ^-^jCLww- 

Jlwbl^l (_£^?r 4 j!j .0.85 ^ 4^JjtU 4_j^JLuJl 4^*21_ii! Oi *4 

4 *+*j*J^\ 4^-JbdJ 4 jJJLhJ| 4j>ojJl .1.33 djL*50i 4Jjji f.l_C. 4^-JLnJl ijv J 2+m jJI 

■j^ N (a) 
.1.13 Jl ibj; (b) 




jaj l\j c^UaiJij tOU -Jrtj 


.0.639 Ji (c) 

. oL*yl*il dJiA t£L~>- ^Sot V (d) 

j^uj Liij .5 

4jli 4jtiJ jA o jL^SsJl 4jj Jslw-j jl djL-^Jl o ji Ja-^j ^ y. tf ^ ( a ) 

.oJ-l ^^ip 

4jLi 4«/? ApxJm* 4JJ Ji «*■ j ^1 4*Jlp 4Jj j£ Ja— j ^ yvail (b) 

.jj-i ^ 

.d^jjj L*\Jr oL4\j jJ-iw? ^Ja.* ^yp Luta ^UjJi ^j^&jcj (c) 

O^jU jp j*** \J <^\ j+*j y (d) 

^l Jcmm 300 jj j u^l&l Jai ja u S\p ^^SCJLJ l\j —Ll j —1Ui ^JL—j .6 

c 5 jL-j j*-Su!l .mm 30 a^jl*U 
.xlOO (a) 
.xlO (b) 
.x9,000 (c) 

. oL*jLiil aJ la> ^a j±&2 ]i c.-jL^o- (d) 

0 * 

dJUcAl A^»JL*Jl .7 

. 4j j(ji* 4jjlilil p.^j^>- £^)aI~J (a) 

. 4jc 4^ Ajai* <j "jSj* i*yh^^ (b) 

. 4jJ^xii A-^»*X*J\j UjJ yu (C) 
t-^^SLvwwLlil (Jj AytMWW ^ - A^iJkA^ (d) 

jL-sSsJl ^ l* .km/s 270,000 i&~* <3liLi Ja*-j £ ^-S/l tyvail <Pjl j— 1*1 .8 

?p. y *all LjjA> Silil o JU& 

0.900 (a) 

1.11 (b) 
0.810 (c) 

,ol*ylxll dX* ^jA LiL^>- ^j5or (d) 

i_y I d^Ly .9 

.(£$J& 5jyvaif 4*;> (a) 

l*tfc ^Jljj-iJl ji^-y^i (b) 





.<^■3c-wLij f.j^iajl (C) 

<U?l^ d^A^rl cM ?2.4 IAjL~£sJ 1 AJJdjjh^^>-1.3 J-»^ Ajc^^AJ <b*r-^i-l AjjljJl ^A ^_* *10 


.f.\jhV> 

25° (a) 
65° (b) 
67° (c) 
90° (d) 






4j^J aJl . £*bJf A.tjlkdfj 4+0 Ub I 4 j jjkJf O^JS/ «u) l 4jj,i^;ll jlla* 

* t !!,',£ ,'■ fff 

liL* l &.<!LJZ^vj LlCO CAy ** wJl 3 cJ^ i*lxil 4j j\s » l l ^ CAxyj j. 

.^^ O r <_£l L$ *L > jl /^JT ip y^t ^lpl tAJtAj 40 L 1 J 44fll )a 4 p^jall A£- jl 


L-iLislS^^f i^*rjll 4-^jUsiJl £sjtuJ LL* ^JjljUtjjl tpUlaiJlj tp^jaJlj U^g-* jx-^l 1 * 4 ** 

4-Alpl ^ll p^jaJt ^Ij^lS"" ^g^Jl £rlj»*Vl S^ ^ L^i (J^J^ . 

.J*£jl <^M 3 J^ <> EM ^lj-*l 0 j-Lfljj IJLgi" Jxm-j 3 yry^Jjo ^U4*Juf 

P >uall J#ij^j|S^I 

^a*j 3 O*j -.^ai i 4 jLj (,4^ryA ^y3j\+&&- p^jall (jl jjLp' £-'«*'l-*ll <jj*ll 3 Jj--Util ,>X.I..> 

V l-*“*£* 4p^ji-l (3 £ '*•-**£y> 0 1 1 • jl*> , '^j?l 

d f> ■• . .. ■■ ■• : ■•■-. I , ;: 

l»1?** jJt*ll jl pill jl pijjklS"" tpL* \\a .*>j iJj^aJl ^1 j^*Sfl £7 ll^- . jJ-1^ O^-s-ail — j 

c jl^* 3 A>»l^j jl <_£iJl l* ^j-A U L* ^y ^jA Ja^^l pj.^aJl ^ ll^ jl.i»jjft A#% pi^JUil 

.j^yt A^U^ jl f-jJsJ! J^LLf jy?yb ^^•UJl IJlA plji»l JW? 3 £ fe>> 

. JLJ-I ^ja Jj p^-i V Aj( %14 4 ^ ^5ajl 

cl^Ul^ ^jSlI j ^>“ 4P^- 0 l^" 3 s^J-5"" t jy'yi wb*rj jJ 4j I pi-«JUii JpCmiwJ 

jl5" lil AjJji jlSsJ^I ?jySfl ^Ju5^ ?d^i£ 5 3 J ^*-^1 ^JaX*#u xJlS'j 

j^ r iiiJi jijj^ puitj c^^jJi j j>- \sS£ ji^^ pu,i ^}i\ b\j>p f 

PjjaJl *£• ^ ejilli^ jl 4 jySfl OJ>j 13^ . j^Jl 3 ^ jy~* ciiLxil 4 ^ J^jT^ 
cT^ J*yE-Al 4 ^iil AjLi^. JJLu iSJ*■ .^Ul4^i Ujup 




ttUaJl j cOU-Jrlj oUl 


y iSya Jl yt^S ify y ^yJ\ y 5>jL*Jl iSyah it y 

<0 

(3 ^jlj^lj oOjjJl Ob *—j 4b^l_ft 4 j o-ijjj c 1887 ^1—*Jl 3 

jt cu3 ^xj oJb L»5^ jy—j4 j o, 14oWj jjjS/1 ^Ijj 4p(_$ a _ a cJsbt_j5^V 

<—£ <oli (jliJlj tjjj^ll j I3J .j^Sll 4 j^ laj 3 OJbiJl jJJi <Juj .oLftb^Mi 3 £^OaJl 4P 

** * 

o433bax «^JJ3 IJj 0j—4ja^0 jj L^JLp ^jl ^obdJ liij ^y^jSfl 01 

Aii .OJJi JjJ» ^Jj bJtj L j f ^ .IgJt* jJ^/1 jA 01 ^1 jlilj 45*wJl 0jjfc jijA^ C/bfjUM tlJJb .IJL?r 

1 ^ fl 1 4 ^«,a* 01 0^***^^^'* 4j^^vJ 4jfj oLaIP'I . 3Ui**l 

.Oj^Ji ^ 0l£* c£l 3 jl s-b<a3 4j^i^*< ^Jp jl t y-'\ t_-5 ^^ (^l ^ip j ^Jp j^-ilji 

AjjIj f jJail j-uj 

Jlj&l 4PjC{.*>bi-1 3 1$^-* j •*. J^b^l o y* -9j 

< JP ^JaiJl 0 ^2XJ 4JU-I ^A oJlA 0j .4 jLUx* 4IjIj ^T ^—0?^5" Ji^- JUiil 4Pj-— ji £_ll 

^ o . > / ? Jjp Jxv**j 3 OwlA V) eli S^J- ^ 45"J—>- 

JSsJUj ^L U Jp- a ^4 bJL-u* ^jjIiJ^jI 

^ . JixJl 0*>b»-j" oU^ 4j oJb ^Jb-j oL->Ij jJl ^ 4. L ft_P ^L—3 

* * * * f * 
uJb . (jJ yJ^A ^jj^I stdl yy j3 c-LajIi j£r\ xjlai^o :Jjij tljjjjill 3 J-illiA .l^ia-L* J —> Lj—£ 

#( jj yut^A J&\ cJs'yT 4 jL) J&j C—fljl U-flJ . JjiJl iXA 

(jljst* ^yj 3 y>r} 4A*i>“ ^ ^^OaJl 4PJjP- 4^-^i JjbJl <S'^ >m \ ^^ 

Obiljikl J ^ lil 43Jb 4^31 yi* Lftt^lpLw* 01 iSji Oit^l^/ 4 *^ J lp'b > ' 4JL*ljj* t ^**bS 

.{.LyaiJl ^ Uli 4]aiJl 

4Jb)l ^ 0 jJj ^ja i,y>- ( xJlJ L^ii^ 01 Lup^Ij t4jji oLpL- .XgjiJl 4i>-b»- 3 j —HxJl 3 b—^ 

fb*t 0 Ujjp ^iJJiJ Oj^j .(10 9 jl 0.00000000U^r 0j-L {j* 1 c£jb~j 

^yajy (Lgiyu (JjA Ojbil <j\ jl) 5,^Oall 3tojO«w^ 43bJ. 4pLJl ^ IJJjCjI bl .0^L* 4pbJl 

. 4pb*jl Qi-\ji 1.1 iyfl<J b ll *■ ** - ^^ll 

(mi/s 1.86xl0 5 ) m/s 10 8 x3.00 ciijy^ it^- t^-JsJiJ -1 jLiil it^ c^jL—; 

.(1.00 (j.s) slO 6 xl.00 oj-Ai t) Lyl (984 ft) m 300 <f-j~-> «yah ’<*y- '-0 .Ljj —is 

* " , 

\(.y>r 1^33 ^JLj ^JlJ 43jJl AAjli 4jj3 <pL- jS> ^JlaJl 0 £ t^^xJU J j& j* JJjL j£ 1 &LA OJjC A lil 

y>-S |r 1 c-JbsiU cJLaljl I3J .|iS 1.00 jlOJi£. 4pL3l o«.l ji 3 tb->- c-^Jc4JliJl ^jA i y>r 0jJL> ^ 
0^^--^ ttiXLyaxl (12,500 mi) km 20.000 43b*** 4pb0l 4 jjj31jJ1 0jbi^|l 01 <-7^ b3l 



AjjkJi JwaiJ' 


Uail 0jSL- c(2.5><10 5 mi) km 10 5 *4.0 •***> t^-*11 3 *s 0.067 h\} j 1—Jai-I 

f 

\&JZ S 1.3 apUJI 3*1y j 

cAiU-di ^P ^JaJl g.1 yai.ll (J JUlj'yi 43 li? Jji>- dJj <j *LJUJl I lij 

. 4JL^J? AP1 ^-A * j <i^311 4POli cA*Laj*J 1 i—^L a^j j Jil 

g.j) 4P^3^ - '*"‘H jLwwJj'^l £ <) '? <«.« ) 4JLa*-* tjtj 4ijJL^-l <— { ji& M . ~ a~) 

ol/u 4ii . j^l ^>- (jUaJ ^^Ip jJJi C->LjI J>^i 46J>va3 <^>UL*-« 

AP^A f j-^il AP jam 01 (J0^ ^JbLX^o . ^4jj3 AP-Lwv ^jA ^UtJlS" v^>L»^!Lfc* (^1 (Jl- ^ J^j ^ ^^ 

. |+.*« a 4 * 2 V 3^*'*' J . .j^jJl 


J&*4*3 

Jr* J 5 " A* 4j ' u^r* 1 .? v*^* o“-)3j I J* Vy ^ LeL -' «j^ <>>»' 

.(1-20) j£iJl J >* UT tU^i" (l.lxio 7 mi)kml0 7 xl.8 jl 

01 JloiaJ ^|a JS" (J aJL> 1 3iJj t4jJ^Jl 3 0i~^ oIpL-JI ai^Ij^* :-l£ fl»l 

* * 

o ^s~*» oJJi 


e_i ja. (JS J jJa < jJjj 

S^lj AjjjiJa AijSJ 



E H 


1 - ^ytJJJ gji 4r_ J. >>J^o CjIpLui jLoJ ^j-o Ajj^xi 4j>^al j^ifll 4_c.1^1“20^ (J&Jttlt 
?CjIc.LJ1 oi& 4oaI j-a L ’*& AijSJ 43^p. (Jijia 






IfcAjjJi ^ a]J^ j UT J^bxllJ flJU>-^jl Aj3j jUi\ jli tl^UajLJ /^P IJb»r aJlpL_ 1 * CjIpU* _Jl jl 1_C. 

^ c-j^^«vwJL UaJ jlS** lij tUlJj ^|Aj ojI^U*! cl**^-/* d^^U»»^.c. 

Si! 

t^lJU-i ^ (^1 (j 4pUJl ^^P IjjjA ^1 oUjIxii ^JaIJ .^JoJIj ®J-^U* j*P-lL$lJlgj)fl:.»*>; 

olpLJl /jA ajjL*w» 4iL~*« Jp t ^4 3 jc-^ jjUj pLUs 4.;,<U JjpJu: ^ . 5 .j->» 1' 

4-^JU»V oMUajl o'Jut» ^IJjSlwL cJUw f jt- ^o^Jl ^ 1 JL>w^Ij olpLJl 41a\ y* <3 ^ja C . ^UJL —\\ 

fUil U^“- ^ » laat ^jaj 3 4o^It !ol^1 p p-U~Jl ^X-Al .jUAl 4-JU oliL- *1 

La*jj» olpi—1' ^1 34JLj^ Jl ^>-^1 ^^***>-1 3 (j^jcu-J oljU -1 jSf t^jjaJlj LjT jJJJu 

JJLs Aaj .4pUjl ^^P IjjO-cl] A^ m J b OjlpUjl ^jA oljLi^l d^^P 3 - Z*» ^C CjSj _^yU 

.Ulill ^jA frj>r A^JL J* ^4^31 H (J>i A {j* olpLJl jw-J • aJL>- 3 P-^*" - 3^ 

1 j*-Xp . a*>a \ y*A c«^LpLtp**J^ ^ tC 1^1 .»3 . 0 -j\pUUJ ^ ^ I ^ 1 j j)a * j L , m ~ ^-1 ^3 Lj.l? c UL <fc , * 1 \pU*dl 

!aIS^U* J<>7y ^ tilUft UJU?j L*-Up ^-p-t-yail i_.-*$vi.l j £ jA J^l l;:;.yi^. _ j 

.® j* <3^5* 3 


. L»1 */s i 4P^JL* Jp 4pUJl ^3 . Lla U^wiPj; U cjl* 1 < xP 

lfr~ub* 43 L-AI ^ i// A {j* C^Uili olpUJl ^ja J-^aJ ti^-J^si.1 yi J$ s-~^ 

olpLJl <±a\ja c^tfcUillj .tWaill 3 Sjaij .ULc 

tiii-JJb *C^ j ^ 0 ^jl5^» c£*^ lil ^Ja-fli ^JUajiil ^JaaJl dJJj 

yA ~a)qa\— aJus^j A^r jj .UUail oli 5jaij ^ L^*ily Ujjp olpLJl A1a\ja ^jx*1+m ^ 

.olpLJJ L^a* (jUiil olpLJl oipl J* 0^Ssj g.Ljaflll 

j!5"^ OJb- .ujp ^iaj 4-pr J J* <J j>-\ ^iaij ^ <p^ ^y V 

<UiJl UiJLi t4-4f.^UJU tolpLJl U*ly* U^Lc c^fj'yiS^ 4JUajL» Ut^s -^4 Sjai;—J U~*—JL I —4 

Js>UJ“l Jp IjuI 0 fji Uli UjLL?^ 4 ^-jJL ^--aSsII jli" I3J 

5jLi*)U <^ 4 a>t r. v.j jL^?s- 4-^*31 j U5^ j>- ^Ipj Ul^4 ^Lp _J> oUL-^ll ,^-1^ 

,<J jLiil V_j <u] J; tUlJi. ^,-J 


(1-20) 4JL* 

4}^■ ; < J_p taX^r^j aj! j "*' 

^lp UUj-i-4 j ^4 j 4pU< ^4 ^n) A3JU 4pU«Jl dA^ la*< 1 ^ ^ L$y-~-l^J ^J- < 4 ^4 

olf-lj-Ail lib* c^-dll J,J o-Liiji lil jS. Uj—j^s4 |Cj t(U 4 pL-— ll) jSn 

^jl caIjU*^! Jl LaAjA^- J^>Ip c^upLJ! (jyli 4^*-3l 

( 1 “ 20 ) 

km 10 5 x 4.0 Ji^ ^ill -u-j .km/s 10 5 x3.00 ^^o ^UaiJi j 4 jjj^I^J l oljU\i Jix—j 



A-^-Ul rjjJtjJl JywJl 


(Jol <j\) y^jl J fU!AJ UJ£ 1 . 3 s M a^UJI o*-IJ ^\j — .Ja jSfl yp Vj-^ 3 1.3 J 

Ud>jJ 1 . 3 s Jly>- £ apUJI of.1 J ^lj .^JUUaJ jy>- o jLi*J ^*4 J JsLJl cUJU aj^— i 

c # ( 

jJUJLP .C^ 5 " lU->- h y>r yA y£y ^1 igl Jl ^«jl ji?LJi J(U^V ^ 1 ) y>»Jl J 

. U jAj 2 , 6 s jlUt£. E ApUJi ^Jp 4 a > Xj£a ApUJi jyXI*^ c j aJL ll 


y*jH JXu 


.AjiU^ JsLfij ^3 APyj?J»l O^IpU-JJ A^^^Ul cUf-lJ-ll ^Jp g.1 « /Jfil l 3 | ^y **jl £-A^Jl j - 1 Jj 

yJyJ y^**-**! yiil .y>* J jb Jr c£^UaJi <J*Xxil Jp j ■ /afll l <J A»«^Ul A^J- 1 yjj t4jLiw4 j£jy j 
UU3 jl yjhJui»l jw’j . jy^Jl (j U^U<I UL j£Ju aj’Ij JJa^ cyJ-^L <y j£. y>jl jl 


t ^ t+jJf J-Ujzff <—^» v p-gJ <^-3*U aJaP Ajyny ^Jj Lp 3 .y>» J oliJl S-yjaJl APj^ I-£l 

,yjUi*i>l A*v?J JlP UUipl y^J/ 


AjjJjUI A^LuJl 

J^jjl^ J^Uil J“Url Jp ol iJiA^y (J^ y* U » ^ -1 jjJj Ay I >i ^31 A J L*A»* U -0 AjI ^y 3 j *>l 

Jp Ij^Lp jjJJI y> ijy ^' u~^ f ^ *(( 2 - 20 ) 

* * 

jjJUl oyljc* O- £ . LgJlS"*j^- ol4l JlP Ij^y'U ^AJwdUJl .ll jP^JJ liU)j ^Jp lj^y*Uy cAJLjU* ll 

<j^ix*w tLjyaJ m/s 1 0 8 x 3.00 f-ly^l (j £^jaJl A^-j^ jl Lc. .m 3.00 AiL-^* I.«■ $ «*> jJ-Aa^ j^ri^ J^*lj 

sT >» J! ^ c^ < ns 10 -°) ^ ^ 10 -° ^ s 10 " 8x1 * 00 ^uj^Ji 

JA JilJ ns 20.0 Jl 131 ^Ujjl ,^-LJ^I Jl ^Ujl_JI 3yc^J ns 10.0 J j 

,ajU oTJl Jl u *\~*p-l jj 


.AJLAvmJI ^UaiI 4_>»yjl A>-ll^- (_^jjl ^y*jjl ^y» j^i^o ^-/lilj (.yt-^ail AjJIj U&JL* oLsiay UjjJ jwLv^j 
j»_^Ij ^IJL>iJL-wIj I Jjly ^*yij !AjL^J JT ^ CLjIj yJy& A.* */31 jA*/2j ^jJLil (jl j^JD (jl lj*.j 

ApL *m Ul . La-^-iy l?^I-a 1I ^®^jlJl^ 0j^L^aJl oUaJI aJI jA {Ajla"***) Q. +£: -JLjjcJl ^J\j jl^^l 

AjajJj 1^1 Ay lj Ul ^yjUiwjl ^Jp ^2>\ ^Jl^j tf -y •/* H A & j** ^Jp I oljL^ ^ U^Ai _*J ^4- <p\j>- 

.y>J I dljl^ AAj . L^Ji^* AJI Jl aJ«P {£ j^ J^ll A^ll Jl 


Afi'LyJt j\ jAluil 

AP y^AyjAP^y- ^JL 1 -iJ^ J L^i LJlj .LiLLajlj AJL>Avjl olS"*Lxiil Ul ^Jp yiil 

y>«-J ol 5 *”y$ 3 | JJiJUj Liijl ^ tf.yja-ll AP^ ^y* IjjJ" l^y>r LiL ( Jy>- Lp ^-1 Ul ^Jpj &I .typ _ll 

( j»~j aj Ul y^l c j^l -U- !^j-—^ UT ^U Jly> aJ] y>»ii lili U^jJlj JU-J Ji «g.Ua ill ^ 

. J^j^U A-^jJlj AP^<Ul 






1 \JA 



l _y\-ut^/ jjx J 

■ 4Jnft b u\\ LftjL (wJIIjaII at JJxa La 1i& .<jjj;ll 4 j&Lu*J «.LiJafi <ilLui I^2 — 20) (J&trftli 

tdTtjjJJl £• i ui « - A t 5 jjL> .AJIj idA*-Jl jyjJ jJjUl 4*yLLM«J ^JJt <J~T^ 

idL-Jt ^ ^“-LP L«LC 4-^vJt) <J^Ji N (3_^Li3l c)t . Ojfciv^t £.1 >,h A It A«*A^ ^Jl Jjj < •* J 

A-^jJj <iJJi 0 llj .ns 20.0 jfr>-t> j%—-ij - 1 V* ^ - >*£ 

tiiiwij CctJLSJkS^ oTJjjjl (jy iiL»At jJuj ^ .jyCT <jf ^ LiS/ ^ A4P- Ij\ 

.idLJl ii ji- ( JJ 43^JJl d—ii JjlaJl ii>- J\ CJyti^i 

iJliL 99 iiL$Ai ^j t^jilLf 70 f t*< p^ iSlLL 60 ip^ ^Ij Up^**( bi 

£-*j ijty» iKij ^ jl jA jU?j ^y* L*UL» laJb ns 20.0 t*j^aJl ip^** Cr~^ 

.iiyi«Jl J>b 

j+ia*\ UJU $.y +ail { i J^ <j .(jjb J L: J Jj iJ i : iiaiJl oAa ^ Lpo 

t\*^aoS\ ^ i jC .jojai { ju jUw* j+ajfy - '*. < ^ ijL-J d-it Ja>- . 4 ^jC i>L-o- 

-/» a It t-Lfc ^ Li^-V UJ-Ji> ,^^-T fc ^^ ! ■ ^ .>i“-<<lil JaiUl j^p i l)j c)f 

L-*jijii ^Ssj Ul tUciiJl <J Lio_^Ja>- Lil ^1 p £j>- l)i jSh Jjs«—** 

S' ^ * 

. ^ ll 4 < <yJlj LmJL* 

is j* 4 il^i Afi>LjJI 

U .. j < jc-»*^Ss — -L> c^i ^S ">1 ^J j ^ 

* * 

tjjJJl <1)1 ,£ ip ^ \ty>r ^JlJ ip j —j JUP J^lJlll ^ idi—il ij jj—» 

iJ^ll .a.i] oLpjlJU Uij^ l^fl c. 1 J^li ui f.U^i^ i-S^c)Sf ^>■ j _Lij 

.^ ( ja-jUi 11 Jui\jj pUiajaJl O^^Xj J^JJ^ ^*-^1) .Ul i**dJlj 

(JUali^Lj Jj 4ia-il*w« -U^ifl->- ^ Jlili^U jjJJl i* y>~ y>l ~J .dly L* (3 — 20) y 


’^ f> j i| FlH 4 S'j*mJ 4 tf l oA t U <.<« *j [i 4.ji^ 




UAli> j! .Ui i**-JL m/s 10 s x3.00 i 



4 j :o 


01 A*J*ty i j ji bl J*jJop j JiiJ Uts"j LJb c, yai\ <* t*\ ot 

£jA £ ^ Ixa>* ^yP j ‘i *’ ■ AP^j «»«*0 t ,“ ^. A*gA«.«* J ' <ll JH 3*00 ^j -4 _T ^I Aib*<A 

L*-\JP 4^wjjj aIjLa 43Lmw* AJLdi~Ji <JL<JLaJjl^ Ci,_-^LlLI OJ^Jl (3 L^i jj _A^ 

*-*y>- 01 i u^j^ *—-*1 j cLi jJu^ CiiJDiJ Ap%y^ .oT^ii ^jA J,i ^UjJl 

yu j ai^LJI ( Jaiil ns 20.0 ja j£'\ iiAj cJ jc +*I ju> jjJL5I 

ii^pxX> ( j^sJj . 4jjlj 3 JbI y aIslaj y 3 y L*S^ cL^JL>-b LbLij a) 1 £""j j- 4 ^ cajljL-JI —j 

AP^<w>* 4^>l .j£\ Ob** LJ5" cAJLjivJl A &j~a C^objl La-LS^ . A-jA*Js APj^wJ AJLjLwOI ^J^-b ^-*jJl 

* * * * . 

. Oj^' AjLi Jl>r b ^Ji> • bi^- Ijjb* 3-AJ* ^JIaL& ^t **p,t 01 AP^*w AJj.*fl*.w H 

jSLio JliW Vj^aJl a*J^I Jp ^ Ui! iJLT aij (3-20) j£-iil 0 jL£r 

. j AZ +~ .a ^jot _/* J^i 0 -4 <-£y Lab* caS"*® b4^/ bj yu j\y 

^lajlt JXulJ Axwa 

.^•^jl .5-LajJl ,J^Jb*j AajL-JI j JJL*Jl AjjA J5 f-Uiidjl A^S"AP y ijv A^-0»LJ 4-5*^P Jj*rj- j 

A->Lflj* AiJj S 1 ^LsAAjIj aS"^> xlil AljA-^J) jg^ P / s ^jp a^-J 

- J ^'1 AS 1 j~t ^jA 4Ji*i*-Jl *Lp C5^ J 5 L*U^P a _LUil ic-l- — Si 

Jbil 


■ship 


(1 -u 2 ) m 


A^ ^al l i^tjL 5> jA (k ^J-*Lp' 0[ 

k= 1/[(1 — w 2 ) 1/2 ] 

= (i - u 2 r m 

* * 

^•Ul JA ^JP ijSl Xpr yt >J Ls^bj 4iJ^ A^J C ( A^vaJl oJb* J 1 ^JL*]l Jl*A 

Sl^l 

Ajl^jli <- n*\u Ajl^-ill 



AjjjO ApLuU 6 j ^->^ frbjaaJI <&JA t3^Vl baAic. el jj La Life ^3 _ 20^ JiAll 

^ # 

,(.jjjd\ Ap^u (j-a £-Lj ApjjuU 




t^5 .m/s 10 8 x 1.50 *£■ I j>cj i. ' ~i — Jl c-illil ^Ip ol>w> <_j.u <S j I- co 

jf s-i'_} (y*jSlI yLp S 1.00 y lit .« = 0.500 tiJU-l aJL» 

(ship = (1.00 - 0.500 2 ) ,/2 
= (1.00 - 0.250) 1/2 
= 0.750 1/2 

- 0.866 s 

J* v'y *J*£ y -up s 1.00 yy. fc-i-Jl Js- s 0.866 y <4 j-u.—- c?! 
C£A»!Ij J-Uy* .Luyj 1.15 _}f 1.00/0.866 (^jl—-! y»_))l i-WJl jJaIp jl jJJi 

•(/‘sA* ’V>^" J 

s = 4 SJU-I oA> j .m/s 10 8 x 2.97 ip^y 2 ^^il OjL- lil U Jaii 2..L..-. ~U <_s> Lpo 

: jJJi <_sy- 4 y>J? 4 -ilyT ^IdL. j t yjS|l JLp s 1.00 y 'il .0.990 

/ship = (1 00-0.990 2 ) 1/2 

- (1.00 - 0.98) 1/2 
= 0 . 0200 172 

= 0.141 s 

4 ) k J -Uull J^Ip ^Jl* .yjjSfl JLp s 1.00 jjji. < -y >Jl ^ s 0.141 y aA jO-—«. ts’ 

99 ipy aT yj.1 iSJ.\ JLp Oly U^i yjJl "g;:yi" .L>- 7.09 j\ 1.00/0.141 iiU-l .JL* 

•yj^' ^ L* jr 4 -yj^' a 4 jr 4 

<f 

Jl cujai^l ii| 44 -^U^I AjJ ajJJ Uij .^jJl (3 J,] ^iJJi jy~i <><SJ I —^ 

$y*j^ yLw >-A3 . Jj j JL*~S\ 4 4*JLS””"” 4i l* »>l 4»JLS”^ 4P^y^o g. 1 $ 4 JL jLw* 

< JA>- . .i'>Lil Jbu 5000 41**Jl (3 ^JL>I Ji3rj C4 w , ^3 ; <iJU jJ-J 1-* ->- ^j^j^/l J} 

,p-A g .1 J ^L3S*JJ« ol5"j caJU^P ^LuLjLjI jJuj L*Jjc Ojk Jl 4jl=b 3 Jl3-^ 

( 2 - 20 ) 4i— 

?oyUail; j! jUaiil; jJi 3 ^ g - y 4 ^' V lil—l 

3 oVI £.L£l*-\j) 4i*l ji>* oU-LJl ^JLJ ia-j^ 

( 2 - 20 ) 

<» (S' 

^*j]l ^JLojJl .4ja>-*>li V IJor J^-op (3y^\ ^ J J 

^ ^ & & 

3 c /'^ O ^^ 4 * C- 3 1 4P^-w*< ^j»* Ig-^^r ^JL 4 LP^aimJ 

^yLyflJ ts 1 ll ^JLj £^"* J 4j j3 <H>lpL^ jl lil 4.*. » .«»J -Jl l <H>lp y~>+ -Jl 

3^‘ 



Jl ibjlaJl J-Aftll 


(3-20) 4iyi4 

Sk = 2.00 i-u J»U ^ U 

(3-20) J* 

;5i J\ai\ «Jl 4 to^Jaj£ S^Ja^- ill .13 U *ji^o 

*= ( i- w 2 r l/2 
2.00 = (1 - u 2 r m 
0.500 - <1 - u 2 ) m 
0.250 - 1 - u 2 
- 0.750 - - w 2 
m 2 = 0.750 

u = (0.750) 1/2 = 0.866 

.m/s 10 8 x 2.60 jl j~> tj* ajU.L 86.6 if-j—ll c$i 


^Jluaflil 6 >$uJl 

4 .,^1 4 A ~’ i Vy* J 4jLdS^ ^ .w j l / C ' 4 ^ i ■ w * « H 4^ » 1 ^ ^ ^ 1 

4-J1 ^ii ^ il j LtJUP Ja-iii ^**^1 ^fL^aall t^«jjl <j U5^ .L$l5*"at4l <j 

.S-jbaJl 4P^ U>«j5 1$. ^JLJ 4Plu4> 

JjLfl : jlii 4 $aj 

* 

.£^jb~jj *V blljL* C-^*b L* c4iP ( jP jjaJl tf-bai (j b 

ts.L*ai aiu~- bS^ lij lM A?~Ab 4P j~* y* 4jlib 99.9 apj—u cJsjJaj 01 biSo? 

4jiL*^ 4 4^il4 ^Aj yA aJL^sJI^ tf.b/3-flJijj i^*^4^)Jl ^ ^ laj .bJ 4^**Ab 0 y £L***A L»jb A ^ jAwwJi {jj^SL 

yajl^j Ly^jty aL^jL* ^Jfluaj y* j>uj f-U^ai 4 ^jL*J bl.il jA $.bjl . < ~~~j <L?bJai 4Jb-j <j ^ib-lb 

.4*^ij ^jJl jbbJ J jiaJl ^oUj (^U-4 01 .Lfc^Jai yll . I^IP j~* ®ibjj li 

. <w*il^ii 4_«^^. l \j 4jii^l4 b^teXlP Li^L? yA 4^ J?*A\ 4^ '^*JJ Jai l l'j ■III 

(JbJb .?.j^aJl APOr 4 AP^r - W 0 ^^ 

L = (1 - w 2 ) 1/2 

^aJLdlll <Jl^w\3r ,4jlil^- A*--.*J A^b*l 0»\-PA A^vllb jybil lAft (4~20) ?w?jj 

4jM .^jj^ibA .1 b^Qai* cLg-L>-b ^^ 5 -^ ^ l2j a- 5^^il bbls» LJbjA Laj.jij OjUi ^tiij .45^^bl al^-l (3 

cP^lij . 4-vAilil OJbjJ-/5 ySLxjj Ja^i wL>-lj Jjuj jJtio 4 JL- 4 AI J3 y* bl Jk\ 4yy ^y 

.*y*& 4& J ^y>4S)S4S ' r *^\^ib t jiua Jl Alii C^Al J ^JAl 



tOU-Jrtj 12.1^1 ijUl 



d^iluLd 

%100 - JjUl 



o 

-D 


»^Oall A&_^ut 

%87 = J_>U 


„ 

%80 | aAjJ AP^j»J 

%60 - <JjU 


4 \ Hl j\ I 

%95 ( a-Lu ac^uu 
%31 - J>ii 


_jjLb-alj Jn'll 


%99.9 

%4.5 - JjU 

^x^aj jjuuij £ jjouI (J£Ai «*(4“20) J&yJl 

jy^ J y* 


(lit jjiajj CiUat jSil 

j ^ 

^Jl o>\4i» m.4^1 ^pcli^UjaJI 4 Aa* y• 1i oOa ^1p I^LajlpI <«« t* Oi . 5-j ^p AjaLI? L^J 

t (.y^l\\ AP^*-J * > 0_j^J 

(3 £*Jti» ^jl_£ V 4juij O^lill* jl jA jf A>«la. _4 yl ut jJ-^ 

<jLj SjLp tL>l) jj jjiil 31 4 Al^_i Jj>- 1 pJbtj ^ ^IiJ\j j 40 yy*^ lOjt o>-l ^1 

?d^^>-L£l <Jji Ol ^Ja<.-J 4 I o\^ lal ofj 

o( V ap^ j-* I 41 Pl*JUP ^t^Npr 1 ^ lL»J^i U»p s-LJUJl ^ 1 < i 

(_^1 Ail jl^^Lw- .f.jOaJi Ip j->* ^jJL L« a^L« co^-C jj lit* <J yu> < 1 Mj ^Jt-i 

J ^ ...X-i Jglw.^il t oti (^Liljj ifr jOaJl ap j+j* ^jL (s.L^aj ai-jL^i Ji-) —>r 

Aj^lil ft. ...4^lj tCjLi jJjjill 4 jjLa« 0 } y r -* j_i^t Aj j&. _y? t 

Vj O j-aJl liil .d a * jJr A^jJj 3 j .^ ‘^-’1 lqI ./?l 


J^j-J! /" ol J yi\ ^.ja;.. “j jj^Oj -ft_J-^I J (Jj;—-I 4 £ jf IvaLrflJ cj^UaJ ^-4ll 


'V-x jLj m oi;yyJi_, 





(4-20) '<Lla 

Ijl 4 j jXs-* t^jjl J_jk!l y» U .0_j£LJl *JU- ^ m 19.5 c-Uai S~i-* J_jia 01 J? 

?m/s 10 8 x 2.40 apj—j 

(4-20) Ja. 

:u i s-jOaJl _r* Or* f J* - (Ji ^Jo 1 *" 

« = (2.40 x 10 8 )/(3.00 x 10 8 ) 

= 0.800 

.04jl>- ^5 iL ^Ls£^f flii Aa^s<9 1 

I = (l -w 2 ) 1/2 
- (1 - 0.800 2 ) 1/2 
- (1 - 0.640) 1/2 
= 0.360 1/2 
= 0.600 

J_jk!t ykj m 11.7 Jvaa-J 0.600 jJjJIj m 19.5 j^SLJI J^kii i_«^>1 0 j^\ 

.m/s 10 8 x 2.40 **j~j. jikJ Ujlp ^ </4!' 


4jl£j) d^wu 

y^-T L*La l^y I? ^ \^ ^^*0 Jjp -^Oj—^ ( J^O.—j 

<» 

.^jJl jiaLJ <WaiLj Jbljji ^JL* O^o 

AiiHt : jlaj 44 ^ j 

4J^jLJI <j 4<P ( v r P ^yixj Cg-Uiai 4-S^^yb* bl 

a:. i, aIiS*" ibjj 4-JUail ob 4jaJtJ <./^>Jj .4pjL*si« j*p Ui^L» jl lilL? L_S 

ibLjo l$i>*b oljJDl 

W ^ 4^-w«jJlj d jJ£m*a jL*« iXJLP l^bS^J ^Ap\ i, rJ<»S ** 4^^ j^xiLl 4 J^jL«-»JI 4llS*" /71 ® 

if 

bj . £j«/all j *.y 4^*A-w*Ji 4P j** 

/w = 1/(1 -u 2 ) I/2 

= (i - w 2 r 1/2 

.1 j}S3 bjta <il .Ojy^lA 0 *\a JO* dUi(^jlSl 4.*^j Jc ^J^ljJi 4j| 





lit oVI . ,l c /^ ,, lib jSbo bbJl il ^ Ujlp .(4-20) jSbJl Jl ol l 

.A;bbl bipbaj aJL^JIj jjy * A^Ub^ ^J5^i d-Pxw^I 

js-J Ujlp . jL» 10 ^jbJ (oLiil aJL>- <j aJL^JI) 1 :T:.bl aJaL _^Jl jf ~»1 

lf^-J^4! ^_/> 11 J^> Ji L^xbs" 3bj> 4 *jjaji AP ^ Juii jbJ APj 

AP^ j j> AjUlL 95 ^-vOj L*JJP .Lj jAj {_£ jIa ^j\a 17 yr.yaT t$.$Pj-> iSllb 80 

a / 

ctjjall APj^/ ^ Ajtlb 99.9 bi—Jt AP ^ . y a l l>wLPj . b jIa IlU 32 <J,Ij^- AL.i.« J l bj —j t*. jba _ it 

a 5pA i-j4*J! ap*^» ijub . Ajli^lSl Ijl^aj .Lp lJ^ 220 {j* j *^t a«a*-J1 aJLiS^ - 

.a>U 0^5*1 j l^dbS" 3b ^ 

& 

Uj(J S 4£j<Uilt 

AP^L" AP-J,! Aju j~*j bl A*jU *)} ^ ^.or AbS^ l)1j ^liVS {_£j_*-Ll A 

cj^Jj . Ajli l)j 3 AAfbJl Ab*aJl (j /7Z bJ 3 b jJ ;(AjIUj 100 j') 1 (j* U c_->t44 jI$J1 (J .«■ j*A _Si 

v^J-L>xJ3 l)1 <_£ j>-\ aJL^> lil <L* AjU ( j a Av^Lp jt bUL* lj *Ui <^jl^il JLP Li-»J3r b Jj^>- yS dlL_A 

. L^pjJL i Ajl_$Jl - ^*p bp 

{^\ Jl>-^J V J-bli 2p ^ j>%Zj f t * A.‘.< ~L>-t ji ^ J . O aJI>- 0 JjiJl Ji _ >-1 J J 

j o.. M i 4pAPj^ ^1 |» <x > • (^t ^Jaa- o AiUaJl ^jA jJ » A-—^5^ 

b^^aJb Lq^ - t aJL^JI d^\jj jJ^Ip JcL^of viXli 615" jJ ^IS aJL^JI 

jj} A3 jKA jS' aJLaP ytL+S> j_^Sp A^^jaJi^ ljLm J * jA* /> (* »***Alii bJLp »U P i AAi l. m, ll 

.oU>l jJl 

AljjbJl £jljJl ^^jLvall |» — .^1 blS^ caIiS^ Auj—Jl (.LjajlJi A)L.i.*> l^->i. y?t bl fT * 

Jbji.1 La^U^pS vlXSj .A^U L^lL^* * - (g.j-jaJl APj-> £.bajlJ) AIJl a AS'l^>jIAj L*JJP . <_£ 

y*j ^JlP ^L*l^lil c-»Lb-l (j ^jL jbil j 0 ^^JLaJl C_—il <_■< y»l AP j—Jl ( j_* 

j-jall 4Pj -~j f.Lsia3 a;. 4.*> ^o: ^JoT^T 4iljaJl 

4^ja-JI 4^U^ btl 4ij 1 fi-)1i 


^1 




V Ujlp aJL 5^ Jl jyiJ iOjjiSJyU 4JjSLJf ihS3f Ji* 

aJLS" ja jSl aIiS" tiUir aJU (bi aPj-h aiJI y l£j£ ^jJl Dj^i^JNI JMUii -bp .a-JI jbb b^Jb 
0} .3 j-lJLai] 1 tf.bjbjl a>Jl>t:.- ll (J aJ jLio U 1 a-5^a51Ljj o ji ^JULu^j ^biU j aJ j^lbl 

iljj>b U-iip . > aJU*1i L r >jUvdb lt ^yj ^^ja j£\ ^a t^SUaiJl 6 jbiU jAaa jSbo j tbbA-l di a 

Abt ^yajL^P i^. ...^Xjj aJL^ <ob..>?r ^yajbaP- (JbJ lili c aJ 15^ 5ip^-j olj^V' 

dJLA J5 j b>^Jl bj*Jl aJU OliA >-jj .A»bi\ jil dj^UoJi I_ *Ip A*_>lj X 

. LLj b/bo!- ; AJU Jjol\ 





oUi-Jrlj toUjyJlj c^jJLklj coUjJjjJl ( JiS" Jp uyJ i oljoldl y jyjbyiJi O i o - 

* 

^P-Xj jL^»r ij Vj y5" j Aw^jajJc- JyLb oU^ u Jrl dJlA yX >yu J UP y-Sfl AjJ ^ 




JJl 


> ji L--UP . 4j.<,«>.‘».ll djljgjtill t , <y«J L^J-OS" iliy * 1 ,** _U ©j\*S" ,ij ^y%^j L^Lj toi«u**k^/ ^P _j““ A 

Jp ASlJaJl ttiJlte UjjJb- -UP y5lc .c3Jlil oljiJl <_£ y ^ la>Ur tailil oljJb oL«-~-*Jrl 

{ ^Js- 0.1135"^ cL-Ip 4*-ilj tx A*-ilj t(UV) usswuij (3y a*u'j ty ?y t-y ^>j t(IR) piy* 1 * 1 

.A^jjJrl OiL*^**^*! j* -U>- 

y- Ujy oUy-o ilyU! - yL* J c-UaaJI aL oUL-i L» o5j 3 plOa—oil iljj y \—^ 131 
131 O-Uij a 15" ji5" 1 ^ ^/*t 1 jJlj yJ l<*,Ui> . LjjL*_p L*j g ^Aa**.mjJ 1 aJL^JI dibj O^^u* tpyjall apj 
^ waU C^J. AoJb 4.»..b AUA~Jl J>-b pLO-S/1 yjio <Op- Aja-Jy u51 y <iaij y- IaLJIj 

ji^iJl IJbs- ^Jjil y- . &j±&->- aJL~* j jSs-Ui^J AjLJLkl j AllS" j£\ Ay-jl>- a 31 y aUaj y- l&LJlij 131 
.pjOall AP j*m y Ajlib 99.9 APj—o JtiyO pl*a* A 1 jL«o kg~l OjJ <_J-L* ^UaJjl.-UP OJj>w> U jLt —j 
tO-UiJ AiU^b .u — 0.999 0 Ujjp kg 22 y j£\ Oy kg -1 Aijj ^JLj 3 -Ul yJO etkS3 tj^Jj 

{_£U)l U.ujli yjl y« LpIaaa*| A^viL* (AmmO AP j *>o A^*-IjlC. 4..., U -- l l ^ .m 

. AjUaJl aJLp oL*--w-Jrl oLp j~~j* j OU4 

yli*iujl C—ail y j cl 4 aJL^JI d^b j J y» jJl ^JLC y-Li ^ 

. JL>JJ ^JL>- iy^ yi yA oljytljl oJLA jU tlJLijJ .UjL- L^jp ^y ^il 

aL»-j ^3 LiLw*yl cdy 0 ^ Ajull Ajjjli aj^3 apL-** ^Jl ^-UjJl y*L» 

C^JJI jlS^ll j ^y-f 4 j j3 apL- c--iif .apLJL oly>yLS^I y oil- oiL ap^o Sol a>j >• 

AP j+m y -kii LLii? by- 3 jL-J OjIS" dyliail AP^ $ y ) 1 yip .aJ oU^j SyUaJl A> 0*151 

* * * * * 

.a^*LaJ UilS" A^rjJb l^y*S** 015" Ail dJL>- Ij0u<^ 015" £*jbll (^-*0^^ oil 01 y p-Pjll j-sia^l 

-Uj) aL>-^ ll f.Jj L^o-ly* cJ ^yil olpLJl aJjLa- OJ^ tdjySfl Ala^l J,1 dyUail Oil_P L»Jj P 

y- *>Ui yjl lljiy l ylJaJl 3 b^w^j f ^yll ApL-Jl O-Uw* .(^Jalb ty 3 n.il U-^Qa*j U^• ->>j 

• y3jSfl yip A.i5"L- O— A) yll ApLJl 0-3 y 

bUlpl Jy^lil ^-Jri a1i5" JuAU y5lc .oU^*Jri oIp j—- i aJL^JI 3 ®ibjjl yL_JjJ 

yj uO»L^Jl oUl—J-1 *1 yl -UP .AlUlib L^5JLC ^Jl US"y^l A^lb yLpJ A3jyil Aoj5Ljl aiL5" ^ Ip 

.L«jii A?x^^x-i^ yjI jlUpJj 1 4>..yJ Ol 

(5-20) ilL*4 

«* * t 

ilylj uJUai Aj 5"y c-5*>Uj j%JaJy (mg 300) f!y yL- 300 OjJ ijbw» b—j01 y 5 

d . I p . . . 


f^J-Uii A» yllaJl 4Jb50l yA U .£jOaJi APj^ y- Ajlib 99.9 





(5-20) J*. 

ai^Jl ^j^>\ f .u = 0.999 ot jjie t iuJi <k&i <3 iijLxJl iitwaJl .^t 

U5" /W J^UJL 

/m = (1 - 0.999 2 )” 172 
= (1 -0.998) 1 ' 2 
- 0.002' 1/2 
- 1/(0.002) 1/2 

- 1/0.0447 

- 22.4 

.g 6.72 jf mg 22.4 x 300 2uT>b ^ 1 >j_* ibT 

'Uxuull 

Jc£j>-S/l aaj jtJl .’a&j **Ji ^ U dJ (jHa* Nj <<l)j^il (3 (_/* > W^ # V 

1 jS** j* { jl^if <1)1 .£jL-J d>JL£ ^ lilt ijod* L>*->w> <1 )_^j ./* j^l _* <2J ^ 

il^ J AMMklllj dLijb 0^ C l - Lijli t AP ^ I H l l jl l*Art*J .AmmJ ^ A ll J 

.^1 ^iil (j j..-. Jl> jf »dll jf ^Slir 


! t 4 £jLuuil 

.iPjL-iil ^ll ^tS/l? Ajjli* <PjL-ii1 i-jor^lt ^tS/1 Jj->- U^Lp li-i ^jjlid— j! Ja p-'i 

AiLij J’Mp^I o j>^>- J^b 5 _^1 Sr ^^ ilb- jLip^IIj b] Ly*lt <jyiJl It* <1 )j__£s,j 


£j»jJl iib- ^ A->-tAilj <L>jbljJl C^IJjJlI fj tolUi^ l*iil J i <LlA -J lLI -it L y»j III 

ol4Nl jt dirip J tdJLll^> JuJL^j it-^1 lljJl dJJ *d—Jli 4-5 jJL*-_^J ^ _ULl^-^1 

^jL-lJI oSf dlb ^.t «--lj -N apjL-w* ii^i-dl cJlS** <1)1 jL^^l dii^-C .Aj4Ij i3 ^>li7 ^jJI 

.lS ^il ^L^?pS/1 { J^ 0j 5 ^*jb JSLioj L ^Jaj 


J>-b ^L-^S/1 ol^^U Ipj^MJJ id**^il u->L-d**lj iiji—Jl ol5^^ <3*>ltj jjp 

<4. ; d.,ll ItLjj ^tjjlcL-iitl lil tC JiLriJi od ojjti I 4-1 1 _£) i^i—il 

^ j>*_^il jjU<ajl Ll^ld* j^\ C..tfltl bl ,^b^il 4s»wJ djiJ Al.i.Jl 

J5" ycS {£5y***y ^jL-Jl Jl^dt lA^sd ^I*J liA^J d^IP J.W- _pr^ 3 J-^ l^-Abil ll jM d—^ 

.(5—20) <3 ^ «/3 •) i-tjjl>r 0 AI-jL-JI ^>-b 



AmmmuJI <U Jig ;) 1 iOjjJLa)' 





^Luia^V' ^jJc- AJoLla SjS lAJjc. ^jj V t(3^^ £jLujjj V LaAic :(5~20) 3^*^ 

.l^JLkb ^Luia^V' <_ ff Jc- AJuI&a Sj 3 Lojlj -V*- jft £jLjiJJ LaJjC- - Ifl bO J| 


UiT C^LaaJI 4JLjL«* aJ ^ (^jJl AP^*Jl (3 ilijl ^1 ^jL*dl jlijl 1- 

^ jL-j jC* jJL^Jb) / 7 ^ 4^— 1 l^""* 1^1 .Igi^-b ^ ^J^"" ^jg^’ 4fl< bli 0 — dl l 

lL* j& j-s^ ^J^sL>- (d /F o^ii' OLi t^4-jli]lj olilb ^ilL^ ajmjLwJI 

F = ma 


.^L-Jl La Js JcJ O' 3 d ^«/al' Jl>-' 

* 

^ ^ jWois^j cSlb** 2 l^lJ| Jiil y cJlS^ oJlA ^ jL~jd! ajJ OjU—^ 

.5^iil i^b jSO: 4 jL^ b ^1 N ,^bLi>-l £-0?j 3 “b>-*)LL' o'Jl*1' —0 ? j 

^|j C b 40 jJL ^ ^Lla«Jo 4-^A ^«J 1 cZ^lS** *-Aj ^ji L~.*J J C 4jL> j . JflJl 0>L 4 

jbl toV ^ 4 3 ^. JL>-l^iJ c4;.d.»il ^jL^j L*JUp .UojI eb^' -b Jj£ j ^jL-*i3! 4 Ljb oL._>* ^_^Lc 

. 0 j^Ji 3 ^iilb* 4*x?ry* 


jflliu]) I.U4 


. c ,•£^ ^b«* ojap- w\j ^ UaaJ I 3 Ul c 4 -JLvxflJl LluLa>lo< 

.^1*^/1 0 L 4 L ^jUu; 4^i... J t jbfj L^i>-b ^L^?s-S/^ 4-jibbl dji U-U cJu*^ 4-LuLwJl JjiJ ,b ; 4> JL» 

i-Vj .tbLjj 4 ^JLmJ| ^ jU) L^-L^-ii ^L>.> O r I 4 ^j^13t"I wLJmJ i L - 4->^A^ 3 t 4 ^«wLa*^ b - ^ a 

0 L 4 L LaI^5t ^Ju 4;«^.3l jls^j L^i>-I^ ^L^*rS/' oibbl 0 ji JLiJ <J^...,^ oL^L 4 ^jL-JI jj^__SsJ 

.U^J 5 ^ 3 7**- 1 3 ^3 jj * 4 ^jb-uJl u-iiLl) O' 0^^ 





^]fll»*o oulT *-0?j JdU j Ay*“*>lLl oIJLpUJlIj jbljJlj collate* UilyJl C..>fl; til 

jjtujaz^u V jl A*oLJrl ^^P a 41> ojJ*Jl Ol AJyt* aJLqS' aS' j* Jj 

^jlp .A*oL^*l o1 g«»ai ^A o^JL ^jPJU t* 0| .^ft^zif f-L* o^sj&\ d-Lfc ^4 ^ji 

J,) AyjOaJl AxO^t J oijU-U oUaj-^t« £jA (3 ^jJL-L L ^yjJaJl ui ^*4^ UJ li 

.a^*t*Jl aj j@j ^*w<l '£/*J ~ oL~j 


^Uaifl 

^ jL—JLj AJLyU»ll^ 4 AJLyU»»ll y*0 ,^Jjy>*--«Jl f l-/^ a jl (Jj g.i »/3 & AJLjU»> ^iL— j OJj^ _£ 

j^sJj AiyL—Jl Jj ^jpfjA ^Ji^ajjl 1 -La (Jj La»L^ (^jjJLlI jl 6*^' ol j .^J——j*La <Jo—*£. 

jJ-Ul Ja^ydJ £^jl—*lJl f.JU ^3 .A-iU>> 4jJ*Ll jljJrl ^Lp oi jA Zj -*-J -JJ 

^jL*Jj jcjjlj-^aJl J^l -Up o-U>t_^ bL* .((6-20) —Jl) A-iLU.—Si j— ^j* til -—£ 

?AiyLJl 

JJJi Uu*£ UiLiJl ^^Ip ^ilS" J^Uo jjJLSi amL *1 yo jJ 4 l ^LiiJ-l jjjL^JI j 

Lpi 4^^Jj .aa ^1p aJ 15" oji (oL>JJ ^-1$.* j^p ^1) <Jj 4*-* £^jl —j 3“^* c£l ^ ajS| 

4d^jS^ -U* 4_l^s_—4 ^ j L mI> AaS^^LI £. »i£ l *++*) Ljl UfljU.. /3) 

A-Ly!—Jl ;c«3t5^ ^ j** UpjL-yj lii .AIy U*J l ^aI^-I -Up ^->*lj l)l 

* * 

Ay^y^aJl <U»J^-1 44JLA->Jl ^>-li aJUJD 0 ^-J* • AJ> y i -- > J l ^>P lALfllii jLw^» 1-U*j AjJj ^lll 

!l* * * 

IjL —4 ^5 AjjjJUl A4jJ»l of Or 4 y .((7-20) L—1 jl~— 

.((8~20) . l*-jls- ojj-i ^ll JUiJ tU-jAi- 

a^u 



AjjjaB A-oJpJI <Jfllij iAjjiuJI ^j<a jj La£ :^6“20) JiAiH 

jLujJJ V Lo^jc Aj£^)aJI ^)0C. Ja^ (3iJ 



<LmJ| I.! 1 


JaJ jb-*• bib ^^ij t^ 5 *?s'^ jl^V 1 u^ j <j ^ 

(3 fl . i Al^J? 4fl« 1.4 ^ ^** O ^ j LmI * j\P jA b>X^l>i v * x L>P A*»?td^ 4*J y/l\\ A* ■ ., 

A^Ji^-l J (^bJl jbJtl l)j^j> ,Aji>«J> cAAja^-i ^3 t(7-20) J j^cLlid.1 jjJUl 

J ji)& ^ISuiSll 5y&UaJl dJla o^tf IapjL—i* a^T yi y^b ^ 1*5*" i^ilbj t^>uLl jb-il ^ J ^g>\ 

.fUJajz/l jilSjJl iJL* <-****>} 4j4-jSUt' £^jbw ^JjS>- <3 Jy**-* 4 g-L^aiJl jL 

s-£ t(8—20) J^iJlj (7-20) JSLsJl j ^L, ur J*j>JL. jl^i\ ^j\ ^ J' 

4Jb)\j yl\ jl AJb)L AJb)L yil ^jL^ll] V-LiSt oA>-jJi .AjUlU j^wJ f-Uai j *SJ>\ £^jb- S jt 

i(g ^ J^jij) oU>^ Uia/I O^j j.Uaa]I s \jj j-aj .(m/s 2 ) ^j—^ 

^JLp Jjb- djiJl (g 1 ) aJLaj j) CU-—>* 

bj JUJU 4-jjl 1^1 yjl jUa^Ij AJliiJl Jalj£ )) .m/s 2 9.8 bjyiS ^jL-o jJlj —H 

4Pjb-JL* £-b<aJ A L ua.** 1 (8 20) (7 20) (3 O^by^jil Tt^y y .(^ oA>-j j lj 

4 4 

J djyS"" \jbl?l jji— Jjjli t^jSfl ^^Ip tJdjli 150 djj O-b^ bl .AJliill ^ja cJ)T aAp lg_Pjl~J ^JL—j 
.^U aiJl ^ Juji jJUi tftJuiJl oJl^ Ji^- j y 4PjL^> 4 ^jL- 

aJ jvaJl AjLaS^ 4j y oibr Jj-i>- Li*3 Jj?r y ^J-A j£ Sj£; lLI b A 

.f.1^j*Jl i^jjiiiA JbT «—>jki Oi y>rJA lil .p_*3 


AuiUJ ji £jtuuil (jc. ^un ^jll AUiSI 

Ji jl -bJjJl ^jbJl ^p j^>s-LJl —i 

OyJl .Ayly.1 Ja4; J JbJjL* )J toU f APj-^» lA-^Ui-l A-^-uU 4..^,Jjjl A*^jJlJl ^5"AJ . jL*i 

* 

L*jb IJa J A^px«/?yUi Ali«S/^ \j& n \ t3 ^*5^ tf-UiajsJi a^jLv jjp —U aj jj.,., Jill 

.4-jt^r j j>y y*' «*** ^ uu 



.Jlfir JJ jca j ^jLukjj Lo^jc- AjS^alt jLuiaJ 



cOUeJs-l j yH I 0^1 



Ac jlnil«ll Aj&^ll l J-> 1 iM lAjjiJ £ jLi. "jiiub»" jUal ^y> l jVljU a Ojc :(8~20) JS*i3t 

# 

.A-kiLJJI AjjjjIII jaJ ^vlajjj v jUuaII (jP AjjjJSI 

(7-20) J a*^>^ 11 aJUU J J>t A-S-LiJl J! jjJJl <dUil Jjip J^\ ^UJJl jL-—* 01 

jL~« (j Jiuj jJjcJtJl jV »iAk .(6-20) (j A>w? J.I 4JU-l (j jL-w4 J-« 

.^•Jl JUbl abj> jJJi> jL~il Ob c^^JLSJJ Ails^lj <JLSiil y ^JaS 

j\m+A j^2i\ (7 20) j L* J> 1 JiC, Cg AySft AiyLv* (J$ A*Ls<djl o-^b aJoa> 

.2L5»UiJlj A^ljauJ Ajaaij L^i* jjJLil j-^Uj Ah&\\\ yj a*S^J.I J§ JL** ^^UjJl ^Ul^o 

0 

(J j) ^.ilb A^Saa ^ \_ a - ^ J^Jto jjJJl jl^?r J 

JjL»f yu j L>xJ \a Xaj^A jL^4 y *j C^^Jj ,<UP UoUil y ^Jb ((9“20) J^-iJl) A-iUiJl £jA AaJ^-\ 

Us apLJI Ajjj-Ul apLJI jLi .((9-20) Ji Jail) apjL*w» Sj^jLJI jj$J ^ Ujlp ojL-w* ^ 

# <» 

L »5 ^ - Ifl .d i ^ ^p ^jg»* j)l i ll ^i«j ^bKj^ ■ 1 * \jj\j j g-^ysil a & j** ^JLp La^L*jlp*^! 







. AjS"*^i.1 yL**v«JLj A****jJb l »/3i\ ^jA A1*A**aJ| ^1 ^ 3 *~ ci^ ^ J ■ ■ j 

. a>*~J| aS 'JA ja ay j £1 j£-io "lyj jpJUf" aJU-I abu* J AjbbMj ^jL-Jl OjSy 

oy jl) aJt$5" aJUJLS* ^jLw «y (J-JaJ £jal**J L>l y>yiJj t(_£y-t oy [AuX^oj —p ^jLc;—! 

^1 tiUbS" *S ^il J U?Lj y^ll ji Uj^p LUi lijJLLw-j tLJby ylai—ll 0y (a*— oU 


oIpL-JI jfcXjiw- .di-te (10-20) jf (9-20) jl (7—20) ^^y3 s- te^A . l ! 

AiUb^Li .aujLJI J>-te ^s*** j* J^ 5 * 1 tj* btel jJJhj ttelaj j£\ c£Lilj 

& A^i~J! J^te J5" 



tAuiLUl j^juj ^j^jJali j-Uj^II < ? nnij <■*j jjM jjjJj jl *(9-20) <Ji*SJI 
.Jlp (J^juaj Ajjiudl ^ jLujjj LaAie- I n-k 1a £-1*_uJI jLjla (jjfu 


AjSI jaI! jusb 


a JlA L^; ^) .AvS>lji“l Aw*~Jl oL/uLj yWJ ^J>“ ^ i AaI*JI Aa**-uJI <J AIj^]sl> jjJp teJLP 

y <L*i\jftjl aJ yaJl aJI y c*i . (Joii ^JLSsj y~- cJI 5" _ill* uSl oU iUiil 

by jjI*j (^.iJl^ — A^jilJrl ^A Aj^^i y« yJb aibLl A<jl j* 3 dA-j«Jl ^ 

(£yUaJl ( a- 1 ^jJl (J jytlS^ Ibjh \ aJ j-jaJl 4jciS/l ~ y c-j yib 

.((10-20) J^-iJl) A~* ^yJb J JL*Ji y»Ji) 


y-l c£l lp^)gnA l)I aaJL>- b*^ cAyl^il y* aI^JuII ^," 

fbjl Cj* ^*^bill ASibb-l ^*v«mvwJ| f. ^ 3/0 ..+m^ ((.Lawvm-_II ^3 


^ j^-aU jlaiJl OjSsj 4clUbJ AiL/^b . yj&\ Aia-^l^ y>y _*jJl 

* * * 

^jA ^jA uyib jIll dJ-*Jl ^y;Jl j.A>Jj ^y-C j^telbj (,L>jij b»Lc ^jljjl ^iaiJ IjjLa. * 

yrtil) yUaJl ^!j->1 tAjyrtlll dJ-A .Li. J <_£yr b»JLP .^i^sJl c-3f.Ljl (jw^jl _* cM 

.^te J L^S/ A«l»jl Ay^ ull O-Jb Aw*ij jotsJl iJlA iys-y ^JljJl -b*Jl 





! J^L^aj V (J^*j*J ^*<nt ^ jLujj 



.^IjU ^jL-<»aR ^LiaJVt ^rinij tAjfilS ^a.I jjjS ^jlwuli <jl£ lij 1^10“20) 


A*}*\ JZX cl^a 


i i i 


i i 



i I I 



1 I l 


\ </J» *G>* 

'.&>-4 V JSJu 

u.tia 3jpl» Jto. gJJJ fLjMt. jij^ ffi *LiajVI :(11 — 20) JiiS 





c.j-iaJl £Jl .dt_ h ^jA l_j djjjJT. Oy^* j^U 2 ^ s- y +aJl A-il y* UjJL>- ^ 

jyp o-Lp OJ-IS ^cj ji .^JLjall ^jjlAl ^.— A O JAa1>«jl/» 6-Ip bOj «t5j4-0* -^jl j 11 

3 j*—Jr1 2J>rJ £• <— iJ^> jl 2^- SjL>1 3^ 4-Jj-* jj-mJI *«U dJlS^J CpJStOl 4-0-—J 

•/>' 

01 s.L£u*>1j c((ll — 20) 3^“‘'“^1) ^*-Aib i-Sj* 4-obr 3“*^” sT *4*^31 cb £S Ajw-i—J 3 

3 4-jSbr -5jj^ jj- 4 k -r J {/&*' U¥- ^ib*^ j-v^l 0.^Uu^l ^jLj Or* ^Uu^l ^—j!>Li £-—-*^31 

^LJl (3^ {J*^ ^ bl) |»Ja*i a--~JIj ..MjuS/I ^pIjj »Uaa3I 3 L®jb ^IxjS/I cUaaJI 

ctUlS" j£Li*> o>L->Ij^ 3U ciJJi ^ (*^3^ 3^ J .o^-ij AJljb ”3*J3' ^J- 5 0 j-i b* & j ^ «/a " 

,£t-a»w? jjS^JO a^.ftUaJl jw?Ul 4-jl^il d> ^i?l Jbj 

... J3U IjLa 

• 

toLiJ-l SUM 3 .bij^ aJLJLJ-I jj-LJ 1 ^-l* j^Jl ^3~*1 c^>- "JiJl c^jUi" 3^iJl IJla 3 b*i 

tUaiil 015" 151 ?l»U a™J1 aj^J aJl bli bl . 4 JI3 ^j*l JjU: Or* <3 «b$5" oUjjjL, *, Jiii -* 

^kLu liL* bl cAj^a! 1 (_j y&- aJ j »m \ jj \ >/3j ^|^u«J tl^Oj j cL*?cw* 

*> # 

4-jiU-l i^^OxJ .ajU;j 1 j j j5Jl 4 ~-ju 6 Aiifuil oIj Jad\ ji jUs 3 \j J 3 a^^jJI e, _ *L" 

<. ^_a»«Jj Ja^5| <^.tf tllS" t«|(gJl t_. fltll O^^j ^**0aL1 ^P \A&- 1 jq\sa ^j*\j 3^2j (3^ 

aJL 5" oJlS" bl C^xJ j .OjJ- 1 jii jyu ^a>r ^1 ^yjd aJIS" Aj ji oSbr _ J j U-_5" 

d> 1j^Jjj^ IS" c-b^-»>» *-_-> ^dO JL>r 1 yj 01 J^-C . j ^Q aJlj djj^S" AiiliS" O^j^j oA^ 

JUT yaJO ^5 j Ajaij 3 SL^JJ a^ <Sj*^ y *J 0j3 t^^l ^3^* c l/““*’*^ ^ ^^ 

O^^-** - _^^1 OCH OljjjfiJl <3^" g.1 jA*m \jjjb 3-J ^1>A £ i^-bx'l c. ^» X>r^ ^ .1 _ i AjoIi - Ji 

.kAj^U j >-1 3 3^^-? Oj^Jl 1 -La jiliO lA ^U! iOj-lA-1 ^jil jyy 3^ 0^-^^^* 



jSLio aLl-1 ajU o 


■1 bl Ok L i ^ a^v^mOI O^^j . k A jlp J a I' 1-La 3 ^^4 A«J 1 -\_P 

.^1^)1 AjU 3 Aj^r-S/1 ol UjLp c^t*>«-k^> 

^a ^jL-kkiU a*jLoJ1 5jl>-^ l • 1 
.aj^JU jj > (a) 
.AJlill; jlS* (b) 
.apLJL jla jiS (c) 
.aJU^ (d) 





cou j ?\J oUl 


ii^Jl *JL* c--w*j 131 .0^SLJl iJU- ^ (g 100) f \^ iJl* l^dbjT 3^5" ^LjJ 4 ;f _a! .2 

?4ilj 4-jl jA ijaij /jA i*A aa £++,c£+a ^Jx* it j^aJl ip^ £^Ljj! 4j^Aj ^JLj ip^-o 

g 100 (a) 
g 133 (b) 
g 151 (c) 

. oL*jl*il djjfc ^ja I4L-0- V (d) 

al4lj ^ 2 Jij-Jl <j Sijld^S\l! 4^yhUaJi j _jaiil <1)1 _al .3 

j-soll ip^ i£Ai) aj jlw L^ip^ 0 Ujlp (mm 100) ^ <S 

?0^SLJI 4JU- Jl 3 L»Oip U^iai jjSLw- ^ 

mm 100 (a) 
mm 133 (b) 
mm 151 (c) 

,oL»jJUil dJ-ft /jA ajL-o- (d) 

4 JUA x>Jl ^|p-l3 4^\jJl 0jijl A^%SX^ 4Pj—4 ll^l-JLi f-LjaJ sJl— ■ jl$““ ISl .4 

di4ij 


•Ji-iJl (a) 

.i^Jliil (b) 

• vJbM (c) 

.^jUJ 0ji Jj>rJj *)l (jit V (d) 

i^jja—iJj+aA^+a 4->j£ .5 

.<uiJ ^jslaS c^JJl ^ t ip^ 3Uipl 4^*-^ j (a) 

.^Jl Jk\ iP^ l5 !p f-j^aJl ip^ 3l^pl (b) 

.4 j 3 j ^»Laj dL^*^l ^1 p f.ip^Lft-ipl ^jp j (c) 

(d) 

ajijlj yuisiv- 44-^I^SsJl ,jv stL^aill j m/s 2 9.8 IgPjL-J i*5"y* J cJ^laj lil ,6 

( jp j>*aJ Aji ^^Lp Jijj \ c^” 14 jaJls^ oiS" ^Jl 

* Hi 

Jp ^liJl Ijjl V tUlail! Jj yL*Jl !UU (a) 

,i>jjX^ ip j~* j£'\ ^J 4iljLij ciJliJ 4 4jil]a^* f.^ajl ipjl 4XjX>- (b) 

. y\£j\ \±A (c) 





• <{ J-. (d) 

da>-^b-. c^Jlil A: 3JuJl J^Lp y> l* .* APyj £*JAj *Uai a^L- y dJ >1 ^y>j lil .7 

?dJU oliJl <pU-hJl Apy-j Ojli* Ajlp^ ajljLmpJI ^>-apLw«JI ap y> y**ju L^Aip 

1 (a) 

0 (b) 

</-* V (c) 

A/** > (d) 

A-yxi* oljL-w* AJyaJl ya*j .8 

U 4 * (a) 

.£jvall APy*j <—$^Jaj AJUA*** ly LJ AlP (b) 

. JjU o iU- Ji^- jy-y ly L5 JAP (C) 

• ^jL*A* j\P i ^*S*r jA jll^j y* LyLi AlP (d) 

150,000 APy~j (Sirius) ApUJl <j yiJl p-4 at4lj oyL-j ^Uai Ajy- yS"j dJ_51 Jpj _ 3 ! .9 

#» 

(_£ ydJl yJr y* L j-v?5jjl $.yaJl APy< jJ .Lj yj £yaJi APy (Ji-A C^J ^"—* ^—$5j tklTl/S 

?aJp y> Ui c(Sirius) 

km/s 150,000 (a) 
km/s 300,000 (b) 
km/s 450,000 (c) 

.oU^Ltll dJifc y* ajL-o- <y£jr V (d) 

yy ^SoT yj*-y jlL»l y* Aillj£. ^51 y j byrjil oIpLJI 0*1 j* JyCU-o . 10 
.Aijy* APy jj5"l y*> J col)j cAJlij tAJtUa* £ylil APy jl (a) 

.<U4 yUj c^ij! y*- JlI £jJ* ^jip *yJl APy ^U^pl (b) 

.Al* yLS-t (^AJI jUs»^l 4Py P APy< .iLklpl (C) 

.Ai^*l^Jl APUJlS" A>s-y V (d) 






IfipISS 

■> » 

mmM .: 


uibll :J 



L - lil AJEfaJilll 0 1 jjfc fii t XAi JL _ p I I It 

Ajys-^/l ( 3 - JJLIj (»yj j^Ssj jt ^ J ^ LAj . (.ylxSsJt AjU J $ y>ry Aj y -^|! jt L^Jlp ^ 

lit y-t o jA jl^i^l ^jJoj aj y-fy jTJLs ^jJ J,t^Jtjj tjL—x>-^/l —i ^ 

?AJU j/jliu jjuJl y U .Hz 10 5 \+>*j Wy .1 

^ (^) 

■ *! f i 

J 

jUiiVi **-» ^ jj-Ui -us* (e) 

.2 

- * - ^wm 

MM 



, Aj y tj a 1 y j 0 j*JL» $T jA a] (a) 

■• , 

,< 0O ^. 4 j^(j oyci * 4 -^-or a \ y > *i ( b ) 

■" ■ ■ 

•^y^ 1 J j* Jy*' (c> 

* * 

.IJbj- Iljj-5" Ok-w-Jrl oT^ai jlT lit A~-JL*Jl Ja y y 

• J>-b ^ CUy ff 

jLp-S/l yju ^ djSTyt a^pU^I ol^yti 



. Aj yty *J 

. Ji*il <3 (3jjVt 


;^\1 ! i ?' , i'; i :V 

. ; ‘' : c W:K 

r > f .>/. s ; 



Srj.-,ti„' 

imf : 

Bs § gstjSSS & 



tfrUaiilj cOU^Jrtj oUl 


f l^U>. (d) 

. lJua£ (e) 

?5jlL?L>- 4-Jllil oljUJl (^1 .4 

.(3^^! s ^ya ll jUa^l 4jJL>«i.l A**«XxJl ^a) 

# * £ * 

. 4jj\jlA Jjjll 4.j fl A> ^Jj*^** ®4-^JbJi (b) 

j^LJbJt (Jj j Aj.X^vli dl^Jll ^c) 

. djji-ys> O_^J| dyuiil <L*Jl*Jl ^,]al (d) 

(J$ Ay»^n 0 8* A^v-AaS*" AjJL>«Ji 1 4_^vAxJi 1 (e) 

J* *JUl Ob^ ^ 1 • tM t> ‘kHz 500J MHz 5.00 IJLbij .j^y £>■ .5 

^^jyjLSr^l (jyLft ^tjLll 0\jaiikl y 

MHz 2.50 (a) 


GHz 2.50 (b) 
MHz 10.0 (c) 


MHz 4.50 (d) 
.out *jj Ur **j ^\ )lj (e) 

Ujb 4jA*J-S/1 0]3 c^l jl ^ c/^ jl*-^ -6 

.A^Sl*w oljl~- j Jiitf (a) 

3 (j c)aij (ju /^XJ? jl— £_*£ (b) 


oljL~* J (C) 

.oiUri Jji>- A^um\jj UX^9 (d) 

.a5" yU ®UI j ^-t J^Lio *J(e) 

Uj^Jl A^L*jJl oAll ^*»bSj Q,..A*u * «. U -3.-LP ^JU i£ ^l- 4 Ai^P tjl jJlil 

^|L?xiil l> yj ix»* ai*p 10,000 ^ji->»ii 


.7 



. j^aJI (a) 
(b) 

.j*>UfcA^on y>£- ^c) 
•ji^ 1 j** (d) 
(e) 

1 ^jA ^Lijl f.til £^IaJ*Ji JLp 


.8 


A>uS»S/1 cAj 3*^(ji d 



dJls3l oUl 


(a) 

.jipLs (b) 

(c) 

. JyUj IJLj l- 31T <U>-Lv SjaiLi <J$ jS”* jXj (d) 

#> 

• 4j ^ (®) 

^ li UijI jA aJsju ^jA iSy L*5" tL^ii* ^1 p oIpL^JI ^.. .^ j ^sJjj £.LOli aj»uL> £ .9 

U-S"y ^llli.-Ls^j kg 60 tjp }i\ Jp OJALlS" 01 J? yj\ .A-jju-laJl L^XP J*A dJLb jwJ Li Is" j c ( j^»jS/1 

j yLJl f.UJl l$ikS" JJLuj-U? c ---I# lit —Ip kg 60 L^x LS"j <x*jL- !l <j 

?0jj Lil 

kg 20 (a) 
kg 60 (b) 
kg 180 (c) 
kg 540 (d) 

.ol*ji*il /jA Ojjil asjaa djs lijj jjSA (e) 

ajjj^I^J l ob.i jA\ ob (EM) ^531 jrlyVl .10 

,4Jy4l yjJJ y y (a) 

• V**- olyit v—J ot ^£j: ^Jl ojll (b) 

.tljAl y5 4-LoliL-A jLJLxJ^I (c) 

.^15" eJ>*>UJl L$^**j 4 (d) 

.<j> j - f-Ua> *.UAl ^xJ (e) 

2JUI oljUl c^T .11 
^ J*** 3 *s-^aJl JLst (3.) 
.SjuS" Jt>>■' SjJLi L*Lp ajuM jJULtf (b) 
JgL. t uJl AjlilJ ^jAA>*Jill .5.5^iJl ji (ELF) ^\ jua \ (c) 

.(IR) f.l^J-1 o-£ aj u^S/I ^Ij>*I Jji^f 4 jj^SL 1I ^Ij^Sfl (d) 

• ^jil tjOail £r'j-v^ait X (e) 

>! J .12 

.5 4. :...•■! I j 3 jUj>w* <L*-w*A-I <L*Jl*j! (a) 

.5yOL* ^Li**Jlj ^^Jrl JU^-bJl JS" (b) 



t 

4 





,AjJj>*.a <Lu*J' a**Ujl 51 j o yUL* oT(c) 

.4-^s*Jri Aw*JjlU OjJaj ^jA J j!h\ A^JaIJ ^j^\ JjJaJl (d) 

.A^^Jr\ 4^-bdJ djjaj ^jA j+ai\ A.m».H 4-^JjtU ^\j&\ J^Jajl (e) 

jjUii) .13 

. j^53l ^x>- (a) 


£*Jxv* Oj\j>- (b) 

.OjjjSn 4*?k (c) 


. j±Ju~j y_^\ ( d ) 

.•^p 1 ^ <^ J N (e) 

Am-mjJIj £ii APi J^LflJ AS j ***J g.1 y3? A1 aA*v .il j>*Jj LaJLIP * A^Lljl \ j ^ —fill ,*i . 14 

. ____LilS^j ^_1 p <■_ ~*l^1 apL-mJI tjJk 


♦ ®Jfr^ ‘^£'j** J . (3.) 


.Aii^i* (b) 
. ~LjwL»>/ (Jij ju«j (C) 
.iJLi N ap^-o jwJ (d) 


. A**^k AS jaa+J ju*J 

jl i.jLp’L^dJ (3-i^i a>^ 4 c^jJl .15 

.IjljjJi J y>- 4jij-^a3l jr l^*Sn (3) 

. A^jTlxI* AajIj Aj>w C->L> ob j(b) 

.A*- ^jOSLaS- «•j-MJ (C) 

frUai l^k** ^ dj^ii a^lll (d) 
.£*>bJ-l (j Jlj&MI ^Jal—J A. * ^* l gyfSvJl J^JbA-l (e) 

tUj 4-Ja-J4-Si y» <bdi i L^ii4 ^1 p oLpL-JI j~LJ c-^- ap^~*j aljL* j! ^/.j-jM - 16 

. H 411 5 " tbj*. bis 50 o^b^JJ iJj5C St sJbS^U oJtf" lil .APk_Q 4,^«) {£ j£: Lib 

YLj aIaJaJI^ ll Akii ^ja Li 

#> i * 

.\jjlA Lik 25 (3) 

.L^ Uk 50 (b) 
.bji* Uk 100 (c) 

.IdIk, 400 (d) 



£Jls!t 


.oUjJUil iJA A3 ytA \jtJjjJZ- ^ (e) 

d-Lk jL; .m 120 JEM JJb- .17 

.EM Ja>- (a) 

Or (b) 
**}*) *»U» (C) 

.f.' aSUs* (d) 

.x aiuM a*U* (e) 

o^Lai ^ ^L) L^f ^JuaImA! <3 0^ *18 

.^^~3 ^jJl iJUiil (a) 
aL^JI ajjtj (b) 
jiJl ®jJiJ (c) 

.A~>jty 4-oU-t JLi. (d) 

* 

•Wcii 0*$ <3 jA*~i\ N (e) 

ftiU aJUI oljLJl gjf .19 

. jliJjJl (.j+ail Lf j£\ (a) 

* f. j-iali AJ*» j-vxa^-S/^ ?■ j^aU A*~*jJL ^-^3l Aja***.? AjJbt-* A*>-l^-j ^sM <JjjaJl (b) 

.Ajau^u A**-U*j A**JlP j f- ^aJl y„ UJLp J^JL^ (C) 

j 

. L^-J £tl\ f. j^ «^ a it ^Lp AJJ j3 JLoJju (d) 

.As^a^? a^pl j]| ol^L*Jl (e) 

^jO.si*a£~\ aWaJU ail* tA*3 ^jJl Ja-^< r^j LI j-*S(l £*.—*Jr .20 

.jL^Nl AP^J tor^Ll J 1 33^ill (a) 

APJ CAx**Jlj t33^b) 

.jjjJlj tA>s-^Ll j caamJI (c) 

.jjjJlj tA**Jlj tOrjil <j^L (d) 

.Aa*mJ)^ AP j~"j CA^s-^Jl! 

tLL^p c^jJ^ ^iSsJi j^LjLdi ^Jop^I .21 

.L*a*]l (a) 

£ijJU (b) 





.paraboloidal (c) 

•«/>> (d) 

•C^ ( e ) 

^ tt -UJ l *^b f!^*^-1 t~ .22 

. jl fljl 

■ jfri-Jjjt JJ (b) 

•y*' j* ^ _/*!* (c> 

,4ii\j <31js>-l SjJii lA (d) 

■f-ij*. Ji c£ J >" (e) 

£ ^j^t ^Js- U*j t5 apLJIj ^ apLJI OL^^j" ciiajl ^i‘l» _al .23 

/ _ * 

^j tA-JLiaj 4-5*"y» ^jC* Jp ^ apL-JI f 4jf O^s/I . t*jta <jc—oilOUj—S-J 

liLaj . AJUi^-Jl j& Jju AijUL* £Jj>r . C-Olp ^ £tj^ii 

• 4J«Aj 5^ ./f uLipI—<J tjj ^ 

.B <pLJ1 ^p o^>-L» A apLJI (b) 

. B apU ^p 2L*Jla 14 y4 Apl—J' (c) 

. j $.Ljf AJL Av wJt ^Ip g^p! b? «X^.t w j (d) 

br o jLp Vj (e) 

JLiPj 44_~S"*jll <j 4-w-JjtU <JaL*3t! (3 ^.24 

.”_toli Cy^ 

(a) 

•*t}J J*- ib Ji (b) 
.ajjJl ^ks (c) 

.jsiuJl ibja (d) 

■j&i ^ (e) 

_j) ^>- aJs^I 0 ~i> ^Jal«j k..*^ ^.j>- C5^ dJjjb*. c..».i kbit J .25 

jyLjl IJia ^ .. ^3 2 jaj . ~ - ^ 

* 

.orjil jliil (a) 
.jU&'ill (b) 
.^tjJl ^1 (c) 

•J^ c/" (d) 



dJidt w»M' jW*-' 


J^ 1 (e) 

01 0*yL> (3 lJO .26 

.^ t y& 4*oL^-l by 

,^jL**l)b Aj^j^a 4JL£3i aj-ail (b) 

bl iOlj <P^ (c) 

.4^or <^jJ\ ^ i j-^Jl <p j~> (d) 

,<3 .«■»■*. * In>■ <3) 0^ 43Lw*>« ^ 

?b y IpUJi! (djl tcjt by ta) aJU' iU! ^ .27 

.Ajlitii 4 obi J&\ (a) 

.x - Xj^\ (b) 

.L*tp XmJ-\ (c) 

)\ (d) 

.x^y b^\ ^UJ^l J?Uf (e) 

j+\ ^ ^ ^ .28 
•^3jrijy^ (a) 

.o^V 1 (b) 


(c) 

■ dyji Jl (d) 

(e) 

Salll oJj. ^ U .km/s 150,000 **j~>. ty> J-»y Sal* 01 (_,«yil .29 

W 

0.500 (a) 
0.805 (b) 
1.00 (c) 

1.24 (d) 
2.00 (e) 
a ■ - i si Si ' 4j4^? .30 

.<.!., <» a ll y. ijjji I^Jl ^ly«S/l i_(a) 

Jl x Ajui.' jf- (b) 



cT*cpLjaaJlj :CJhJl <-->Ull 


X*(UV) J> kuAj Sr*~- ^ u^t (c) 

.(j^jSf^ ^Ja** y> oU-UJjl ^Lp jJrl Olii 3 ftiyr y> (d) 

*UJt (e) 

O v4 Op^ii ^ y .B 5j>r^4 ^>rji' (j { jCJy^ - >ry> 2 j—*-j ^Jaj »t .31 

jil jyU j* Jji jt U^r bU .Hz 2,500 c£ jL~j yj cHz 500 

.^4 jil <p <*-jl>wfti <—^JLj as-B 5^-jil 3 J 11 J (a) 

.5 4P j*m 4»ta*o^“ ^Lj ^4 Or^it ^A l *J ^b) 

.^4 Or jil A~*J^ B 4-*“ jil Ajtu- £jlj (C) 

.B <>r jit 4 j i4 ^>Tjll 4*-* ^Lj (d) 

. p-Ptjj jL>r jil Jay y (e) 

L* JT 4jau*Jy ^jL /a ait ftyJUlll j\ y^C. .32 

j U >Ji (a) 
.oibM (b) 

.^Jljd! (C) 

.{.by-~Jl cyyaijl (d) 

•W^J> ^J' (e) 

_ 01 ^xl ilr* ^ j' _P' ft^.ial) ^yLc' :<bww’ iJbJl SjL*5l (3 ^.1 .33 

. OJLft 4»* 

•>^i (a) 

■J*| (b) 

f# 

.Ujly^ ^--sAj (c) 
. i _ r iUi (d) 

J 

.^^>0 (e) 

yl (Jjl\ ^Jsr i 4y»x. JI <J y* y* 4-JUil oljyU*Jj jl J-odl jf cJ>jydl y—* .34 

{.l ;t Lft«lj L* ^ «.m, T -L*Jl (^jdi 

. JLaJI (Jjl\ ^JS' Jl JLp <pLL 1 ^Uaj (a) 

}\y> jit' (b) 
.jJUrl jUa j*m (C) 

. (3 JjjSli c-^ (d) 



vUliJt 


.OjjjVl iUiL-l (e) 

Aji \ jLSjS I 6 4. 0 ,1 O>0bl^l (Jj frj vai l Apl«~up- .35 
.tUaiJl <j ^aS”^>- »L4L tkif e-^- ajJI ap^ 0 (a) 

.^ *S ^>- ol4b £^*.1 ap( b) 

JaU-I jfii v^-J (c) 

3 I j >« A > f ^y*it 4P^aa* (d) 

.AiJLj *^1 Sp^ JUJL^ y (e) 

4P^*a* ^P jj-jcJI j£z 4J1 ^Jp jlii ?^A-l g-^ *pa\\ (3 EM 4>-^i O^j^W? 4-il^lt il^ljl; wit <^l .36 

jwcJl j£j cjj^i»l) n ^Jt ^^p (Sjfzj 4 4JljJL> jjdJl i j£' >S tiJljJlj ^ill> jUuij^l 

. jl\j Orj^\ jS' 

* 

.Or ^il J jk> L> jb\ <S 4P y (a) 

* 

^lp ^ jLJLIj'^I ASy (b) 

<* 

, jJ*A11j ij ^ j+P i* <jg jLw^j^l AS (C) 

* 

.Orj[\ J jp ^Js OyPA jLi^^l AS'y (J jL*o jjJlii (d) 

/Or ^ll JjJa* jUui^t as ^ c£jL-o ^ ji\ (e) 

* * * 

<— 4jI*D 5"^ c^tl ja .* ^L/*t ^p _y*^ LpIx->> ot *37 

Ot^j ^JU3 0} . ^jjgll y> Jrl J y>- p-3!fciil 4-jJ j yP ftJLP JsJ . Ll« 

.^.jjl ^JUi]l (a) 

(b) 


.A 


frU^ 5 U (C) 

£oU ( d ) 

• ^ (e) 

Ji IjJj/ljL^I C V^\ JWJ .38 
.1 ajjj^IjJI ^iSs^Jl (a) 

JtJl oljLptx-aj'b/i Jjw ci-> j-^>xJl 1 IjjjjS/t (b) 


.A~pfj\ ^ ^ AAA. la . ul l c^Uaity tj* ^r >^«JLj tijjAxJJ J- 4 (C) 

.1 jJjjSn ^ ^ailj d^Lp 4-JyJl olS"yi-l (d) 

,^\ ^ IjjjjVi oljJt; (e) 

* m * „ * 

.L*Lc jS^> 1 j lyrj ^Jai^ 4 j L*lc iiLLi 5-1^ 3.39 

c£jj>o' ^JiJj?r«Jl tj ^ypy clJ-L*' 0 jLp jAj ^Lyall A —UJj p 





y OjLp J^J tjlJaJl *iji>i (J Utf y0 U-Ua* Jui£ . ( J^5" AArUrjJl 6£i\ £y J$ JU—!Lj 

?<j^>-L-Ali f y oj^LaJI <L? ya}\ A*J*Vi 4jj\jl* .5 ^L^ali Ajf^j £Laj 1 t^lJULw- ^]aai 

' * c 

.Uli Lfr^ii AiL ^Jajti j A*-JtLw Urjly- y Vi £^U-M ^ j£ (a) 

A*-i»Vi £^U-M tA-J>rUrjJl 0^3i <3 OLjjAtJl < ^3*.U LIS" ^ ^Lwaii A*-il (b) 

* 

. A^JL*v* Ur jU^ B 

A*-£»Vi 3 tA^-Ur^Sl 0^^U- i"'* aJs 1A> (3 ./4 ^LyA^i ^^P 0j^i^aji 4x-S»Vi lyJjLl -J (C) 

.<+ *az ~~» J?jia>- Ur jt>- B ^LaII y 

*j j\Jla A^UrjJi lJ&\ y (JL-Jljj UJLP jS'\ ^J^Liu ^4 ^Lwiil ^^P Oj^LaJI A*-iVi *XpL -£ (d) 

.^'UrjJi <j ji V ^Ji B ^ LaU y oj^lvaii A*-iVij 

,ol*jinii y JU jil Ai jtc* dy AijUii f\yr\ (e) 

M>jl la* <j jL-i .MHz 900 JLli J-UJi •w J y <^L-V «J*U .40 

.9.00 x 10 5 Hz (a) 
.0.900 GHz (b) 
.9.00 x lO’ 4 GHz (c) 
.0.900 THz (d) 
.9.00 x 10 8 kHz (e) 
y ELF au-iSl r bJi .41 

( a ) 

.^j^aJI ^LaU (b) 

. y^ jLJ aJ y dUL. (c) 
aJU- (d) 

.A-fyUUjl ASLjiJi -k>- (e) 

LLp j^U l £ji) i-TUil oljsltJ) uji^ jSU ,Jkjs j4& J .42 

* 

, A^wOr A*xwlP ^y A ^»-^mJ>- 0 1 j* ^iA^vJUvlj (a) 

,t_jjJU-i y aLaJI OjLjb (b) 
.^uVi y *~*Ji «^>UU (c) 
.AA-jJl L- JLuJl j A^^-w-Jri A^JjiJi AjL-Ai O^IjJj (d) 

. AiUii 0^lii i yfi ^ijbxiv-b (e) 

AJfl, a•* ^j UmwJu V A-A^^^i A ^ ^wjJi Aj Jjc7 ) A^a3^j UjS^" jii ^ .43 



OJuJl oUl jUpM 


.Ajjlz^ OjlwLi Aj j.AJl C-»lpLv*Ji C^) 

.SJ^jHJ y* LJj bjlj L*-UP y* UysJlj «Jjy*. (b) 

.aS'"^41 aju j~* a£ yk y f.L^-1 aJI jA (c) 

• ^glp 4J6 L*£w* ApL»w df-lji d^lp Apl*-**Jl df.1^3 AjjUL* (d) 

l^-^IJL^ uI^Ij L^^-*1.1 iZ^lp j***}\ y t^JJ^ cl^Ljjl *)} $0^pl \ _ C (_£I (^) 

.aJLU 

Ail AivPj j£Lc J& U ^\j y j ItfjU* J5" £ y ^>\ A*-^il .44 


•£>■ (a) 

(b) 

.<t±A ( C ) 

.jLiw* j~- (d) 

•*-»*■ (e) 

J oJa ^bJl ap j*u Jl ^p ^*jL*JI .45 

.f.^aJi ^^ tlr 4 olp^ <J (a) 

^jLv^j Ujlp (b) 
aS" yU ^ (c) 

.A-^js^-^aJl Ajlili AaJ^JI ^L*s^r^/I <J (d) 

(C) 

JUJI i ^1 J Jii-I j*p 01 .46 

v‘ u ^ ^ ut (a) 

^j j- 4 4 (b) 

.jlA j^$oU 4 jt^aj AJJ ^ CjUv? (C) 


(_£y i * . t*A ^1 p ■ ■ ^ * >*^ (d) 

. AmxJI L^" (C^ 

bl .AjUaJl yA A-^Jl ^^Jp l^L* JT iSy£- <t^A tOUjJ y yA jA-JA*J>- jt Jpjj\ .47 

JT J 3I>^I tiUaU bU 4(UV c^w4 ^t) 5 ^oJb a-S^I ^} r ^\ 

*dyy 

•>* c) (a) 

* * . ^ 

,c^liw?l A^*J^ jp I ^r(b) 

# a 

. U*-> JJ^JUPj A^^: (C) 



jaJ\j c*uij \j cOU -Jr \j i£} 


.A*Lv^Sft \ *> l/5 (d) 

.AjLy^Sf^ l/25 (©) 

oU-Sll <y*u J SyJ4 Jl %‘L. opU^I yj&\ ^u .48 

. (J» £y^aJl jblfl £jA J}^\ (Jj. y^r\ L-i^xji ^ixmty y^*S/l fryy3^ jlilrl (&) 

•c£*y*aJl jlii/l y Jil c^yM <-3*}Wl <ia*-l ji y^S/i *yo3l jLtJl (b) 

,L*jb 0 ^>JlI aIjL* <JLfc cJyki <3 ^y^yb jb*J^ .ii^b^l (c) 

* 

. bi*> f.\jj^ c.lykl ^3 (d) 


„ 4 > . . i.J . 

.4jJL>»> <U^P 4~*JlPy flyuL* <U 


.<Sj*a* ^Uat b^y-b- (e) 

L> cy y^*bL AS Lw^ ^y^-C, .49 
r 4—JLP (a) 

_ _ i > .. _ . 

.0 yULA 4*oP A^mXS ^ 4jJb»-* A-^uOr 4-k».Ap 

. i .^ . _ „ i -* _ _*r 

.0 j*-A-* 4-AP A*mJSj AjAp*A <UAWr- 0)y» (C) 

. i J . . . S J . . , 

.6yuL* 4*i*P 4-vrfApy OjjUL* 4 * <y>M» 4-k*Ap (d) 

.o*>uf ^jj br <^t (e) 

JaJj 4JbUaI* L*J&tajy .frlyil J OlTy>*i (.B Oeyily A Apt yil tjLu-yr jb>- y* Jbr y <jl y>Jj\ .50 

S ^ ly*Sl^ db_A y^p JyL> 0^ bi^JT, ISL* »jbb-* B Apr ^S ^ t^XJ jA ApryA A A^ryLl .HZ 800 

.Hz 800 ssjd\ <3 By A 0 ^yb bis" jS"y (a) 

.B Apt jit tj a jiiaJ yp v4 j-/- (b) 

. iilliP olpj~*o c-lyil <3 B J A 0b>-yit iiy>0‘ (C) 

. jlliiliP $y yu?rjii b*— (d) 

J> (e) 



S5S8SS 

yA. tjjty <—•'iJl {j* 62\1\ y <li^f ^Js- jbo^l |Jla JS&-\ 

"’ , ' . 

75 O-*^ bj d^L?;- j^3sJ . l*Lfc ^Jjoj Jjlp t_^>b>Jl J,j JjJ V .yL|| ^ 

jJjijUrl J3Jj kiJj ji jj£o jl J+3-*i 62yry 4j jl tJLp . 

.iSjAiJ* jUi*VI (CJUI; cu-Pj lit V^1 /U* J JUL j t JUs/tfl vUUAi! jjty i/t 4 
jyb Jl<*L .m/s 100 g 0.125 »jyws i-^Usj j£i OjJjL* *-_i.u< j ;.|^-^i 

ftJuJt iibL r ^JJ sT>I ^ ^Ui iL^ ^ 1.^^®;^: 

.0.00125 kg. illfllll 
.0.0125 kg.;^^|| 
.0.125 kg|||§||||f 
. 1.25 kg, ns& (ft}. 
.12.5 k&^py;; 

»j^Jl jij-Ui C-Jj Ja-& J*<jj C-»i .Oj_jll fU*»l tj5 eLi> < ■■»■ ■ (jt» ^^Lp iijife~^> ji . fiii!» | .2 

»j^J' ^jL-J ^Ui ,ol‘ ijjlj 5 p^—j 
. dUa*>» <Ll*j C^' j a^50^ 4~Ji> 

.^Lp U* £>JJ 
. ftii V <P r~Jt f U-i 


d^U.1 jl Jfi>\ j*\ ( Js- tftijLJl ftJbU 4 JL? <ot* 2 lLjP Jj y^ AdlJaJi ja A^jc* 



cQ Uy ^-'j *—jLJI 


. aSUs (a) 
.jl^soj^l ajU? (b) 

. j-UjJVi dj^ (C) 
.objJiJi 4iii? (d) 
,5j*s- Aj&iJl (e) 


4JU 4^; 


d^JiJ |1 1^1 t^ ^9 ■«<* AP j*s* <l3.4 

<* # 

- Lj?"" j (a) 




-u^J ^ (c) 

.AP^LrJLo aS~^“ l j (d) 

. aS^ y>- a-^5" aJ (e) 


ac djj-5 UC .5 


.j>Jl ^ 60 (a) 

.J^laj' 120 (b) 

^ A^j:> 180 (c) 

. jjW! ^ a*.j 3 240 (d) 
.j^kil J a^j^ 270 (e) 

.IgJUj J^Ll* ( jjajj£- Sx-Ji yiiii Jp aJ c|iH 30 1$^* J^ij£- \f A-*J oUi* A—J^J .6 

^^Alil ^ip 4P^*^ffc*JJ (J$Ls<aJl y^j y>x^\ 

.^iH30 (a) 

.[iH 90 (b) 

• jaH 10 (c) 


.Ifci jlil ac ^ y J* wUixj (d) 
.djjji^ Jb*>w40 (e) 

,lj^r\ (J Jjty JjLJI £* L5L*-T JpUij ^ yA-T JjL» JUo| ^ tJjLw o j>r iJa f aJI Jp j —lii .7 

* 

aJup .Lo^iaxj £_* L^jJC o^LmJI jic 

•C^' ( a > 

.(b) 

.iJU-l ^ jm (c) 





•C^V 1 (d) 

( e ) 

j‘7“5 iJbJl Ji£ iAJbj4 5" djb j .8 

.^Ijli 7 ajcwjj 5 aJLpLa* (a) 

.fjT 7 aIp^Uj 5 ojli* (b) 

.^jl 7 y^- bpbL*j 5 ^*jLL* (c) 

•<-£>* 7 ^y^j fj' 5 ilpUi (d) 

,d*>LpI ^jj ^ (e) 

(j-* CjiJ dc £-* <3 cJua) ^b Oj^j L*-Xjlp .9 

.-u?r j£-So Jaj (a) 
.cJ^il Jij (b) 

Siij Jiy (C) 

. a^2a>ljl* a*jUL* liJJLc (d) 

<* * 

.Ulp Uajy£ dJULc (e) 
oUjyblj .10 

o>Lj jjybl ^Lb: V bx-j ajIjaj o^Uy^jJl blbc tb^iL 1 g «»4 j aLi^JI Li ^a) 

. <u-»5^1joj a> jb^i* aJL^^ 5** ob*w bLb lytS"" Aab£ ,Jx^Jl (b) 

* 

,4Ju\^£a aJL^ 5" ob>w tilb j5sjj IjjiS* - AiJbS- Jx^Jl (c) 

.£j-aII AP j^j lJ j >*£J AjL>^ iT Ai?w ^J aIiS"" ^UxiT V (d) 

.L^ixaj LU*.Al < a«/j' bl jLj (e) 

jP c^Jbhb! viJLJi ^Jb C~Pj bl .JJ jA LjcJrL o^Jl£ ^jyc* y^-^SJ ApLJI AP^ jl _xil .11 

b-XP . y y> IjbL apLJI ap j** 

.6^ jj 5"I (a) 

• Sy (b) 

.5 jA <jJl juj\ (C) 

.OjA 0 jj S. Ja^>\ (d) 

.A**Jj ^(«J“Ij (e) 

bl l*i jlii jUi jli ax!*J! J* <j-Ut OlT ^5 ^ .12 

. A,/3 i > 1 _L* <Laj^[| <bJLil oJl5" (a) 





* 

.UiJ j> jo*y>JS I 015" (b) 

■b 3 J! b 3 j* oU j>^ i V l °/ (c) 

.3-iill ji ^UJlT Slill 5 jilt oJlS' (d) 

. 4_Jlp ojliil oJl5" 

-ylSC olj jl> 0 j .13 

- J^»- 10 -6 (a) 
.iJliJb 10" 6 (b) 

.SJlI - 10 -6 (c) 

.obit, 10 -6 (d) 
.oliil erg 10 -6 (e) 

^ Sj^AiJl (Jl ^j-iit dr* J-***’ < A-*t Stj-L. ^t- »lil ^ Sj^Ap C-*-rf>_) lit .14 

Jit. -ol . f Ul Jt VS**H 

•J^jj (a) 
.iJibii (b) 

(C) 

(d) 

.^UA^J (e) 

iJ-blx J^iT JSJa, SjLii i«;uli a-jua c fs. .15 

.4~JL- 2 L^S" (a) 
.JupU-i 2 L*i" (b) 

J"“ < C ) 

J"- (d) 

.jLJIj ^ 0 >» (e) 

aJI Jpr\ j> JjJjcJi cJulS" , 16 

.djLJ»*^n oULJl (a) 

.SjU^I J*U j oUU* (b) 

.dc J! ac (c) 

.ac J! dc J ij* (d) 

j jjP oLUiil (e) 





:aJUI upIj* oApUJI jfiaJ tMoh Ov^li 5 JojJ- ^Ljllp .17 

.Ip* <^b* IJjI oj>IU ^jl £- V *lp* o^t* LJb o^lii (a) 

.Ip* pjul <ol* (^1 J?'^’ oMil V (b) 

Sillt ^ ojL-J Sib* d b*JLiP Jaii Lpa aj il(C) 

-<S .Mjib L^LU; j\ -Up pU>Uf (d) 

* * ^ i , 

. b>xpcv* bLL* bf A>-lj (j;\ (e) 

(ELF) 4iUU U^bUi ob*>Jl ol; JU-ity .18 

.4j y j*]\ djpf Aja-*I^J jlIJ ^ (a) 

. A«*m*U j^^Jl ^jA *)^-i Q>..*» J (b) 

.ojII a*J^I J^Lil ^ ^ (c) 

- Qy w ~ ^ ^ ^ ^ *UWU A^—jJlj a*^( <3 Lp y* u«*«»J (d) 


. Uliiil U*^jjaJfcil jl A-Jb j4&\ J y^~\ aJa-^Ijj £tiJ V (e) 

joti]l —il jA\ <J jLi!i jL^w* ^pJj .19 

.tyjJi (a) 
.SLiJl (b) 

.oJLplaJl (C) 

.<£ (d) 

* n 

(e) 

(fpS) AJlj—JUjb—^Ji olJu>*jil ^Uaj .20 
<j ^bfcWl AJUaij (a) 

. iJ^A\ C-*b*y<J $.b*Jb»Jl aJLsACj (b) 

■f (c) 

^UaJb LajI cJ*yu (d) 

. 10 jJL) aIaJ^* oU5" ^1p JLojju ^e) 

* * * 

?L*_JUaw* Ua>- 00* ,j> V-b ijcJajLi 0^ ^r*aS' Aib*Jj JJ 9 <L^~ .21 

dJJi JA^ *U»ry ^ (a) 

l>4a**w* f b^ili jL*-Up (b) 
ob AP^-O L-paxJ U-w-Jb OLil j> b*JUP (c) 

Lfy brfiU Ja>- J> J^-Jj (d) 
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jJ> oIpLJI cJb" Uir (e) 

?4dUb- dli.M d^jljJl (e d ji c b jl a) oljL*Jl ^f \ .22 

.dJsuJl 6 <X* ^y* ^jUM jLiJl a~Jl » jA 5-jL dc Sjb J$ 3jflLAi (^;S/ M (a) 

* 

. <L*jl£il ^JLp b £a jLJi t^-ww-Uii i 4 ) 3 *«,**> dc Sjb J (b) 

.OjUil ( Jb jilil JL^Jrl ^yaibj tgJ jlll jljl colj dc djb ^ U^SCi 4^.jli. c~ij bj (c) 
apIU^m-^/I ^JlpUoIj tidii JbjUil *UL dc Sjb J$ bjlb LJ ip jjail JL$Jrt - >M (d) 

.bjliil (J d^JlAl 
. <z*>\ jLjJI (c) 

^kiil npn jy—ij —5 'J j <L~*lS\ .23 

.^Jlj j£ ^ 9 jL bib (a) 

•£j* ^ b *jjt (b) 

m Ja^Jl y uy ^ 9 Cry. p Ja^J' Cr* ^j (c) 

./7 k-ojJl Slit! aib ^ jjSo (d) 

* 

.f>J- yj a iS " oU (e) 

0tk JLJll- Jp (<p^JI y 4-pbi 4^S" jup .24 

.v aJL_^U ja 1/k ‘xLjbj 4 ~Jl> v «l4i <aL4i (a) 

.v/k (^jbo ^«-L* j'^bb (b) 

.v aJL^i? j-* 1/k dLji?j v ^~S"b4 4 aUi (c) 

.v/k- c^jb-o jbub (d) 

. ^<JLw j\jjiA ^lp ^b*i> ^( e ) 

^glp .25 

£ jlkil (a) 

.oiU-l Jjb- aJLi (b) 

4P(C) 
JaJ -1 aXi (d) 
,a")Ui ijj b \f (e) 

jup . olj3*^1 55^jLib c L^yaxj 4jiii£- ^Lp Jj>o ot .26 

.oy (a) 





■jfr (C) 


J* u (d) 


. (e) 

oj^aS"* a^w*^J toL?r*j .JLp c^~ <J!Ap^! <u U ? o j^>- 3 j\_p f ^ u^j **' *27 

lib* j^bb jUJl ^ 

5j^bl J^-b jUJl (a) 

.^p ^-1 5 j*iX\ J^-b jUJl j^yaj (b) 

.6jP*X 1 J>-b jUJl p-ss*>- (c) 

.6 j**^- 1 J>-b jUJl oltjJ^r <&J*» ^bjj (d) 

.54jJ^ lic* JLP jUJl (_Jbl^Jj (e) 

14jaJ“- (3 ^>* VI jJ-^bJl AjtbLiL* A^a^-l ^J^lp tabrVl -bfbj jJl oVL^jVI j—o< .28 

^ji—o g.Lyiaj j^* (^1 jj \>J oUaJ^l 4Jb>tiwxw* 

.^1 (a) 

.(juksM «ju 4 ~~Ji A^-Jl j ^Vb^V' (b) 

. Jaii m/s 3 x 10 8 ^SsJl ^ll jLijJl (c) 


’' ^~r-> (d) 

.4^0? dJlgi*" oVL<ajl ^Albb* 1 - yiil !V (e) 

aJUI oljUll c^t .29 
.l)J^J 1 oJjt^* l) ^SsJ l) 1 bb^sJl ^)aiw>J (a) 

.^jL^lJl) 4 j jj-sia^* aJL^JI ^* Ojxftil >w-..^b^ (b) 

• fibril (j jlJ-ill (J 4jjL~j JaJ J£J (c) 

.A^\jum 4~jT Ail^Jl (d) 

. ol>7^ 2Jj y& 4J iS' J**S\ ^ IjcJv (0^ 

?l^ibT ^ U . f l>_,Lr 2.400 lf±^ ^LSj .>d 1.200 Jrt-Jl j* <1* ^ £L .30 

.kg/m 3 2.000 (a) 
.kg/m 3 20.00 (b) 
.kg/m 3 200.0 (c) 
.kg/m 3 2,000 (d) 
.ol*jJjtil -b ji' aA ju* l) jJ JjJ^- ^ V (e) 





sk-4* ^jSl\ JiLl .31 

£iJ\ (a) 

(b) 

• (c) 

.Je ji\ J>-b jjJo ^JJl yaJkl UJjJkl (d) 

(e) 

aJUI oljUJl ij\ .32 


. A-pljCv* AS'j **Jl A^S^ APja*J| 

* , - , 

.flUM AjT jAj ASj^ aSjA ja ASj~J\ ^[jua OjSo (b) 
. jJd* ASS’J+M j oil AP j*a O jSsj OS (C) 


. AP^Jl 4 jL^ ^ AP J —SI (d) 

.4x*xv’ oljL^I ^AlUljP OjLp JJ V (C) 

i $ **sA> c~j\fr\Ji 0} .33 

■U^ ^ J* 0” '**■J I*dl 4 (a) 
•t/'W®'* 4° A»rjjJl (j (b) 

.^Li. (^t ^ 100° jOJl J (c) 
.(j'Afi* -40 isr j-0l (3 (d) 

.^Li. <^5 Jf- iki t3 Vj (e) 

j> sti-'lj (Jjij) ^L^all *Ui>' i)jk> V—6.0 f *»' -34 

?£-L*all t3 J^' jM' >* k .**UaS~>l w 1.5 


•A 9.0 (a) 
.A 4.0 (b) 
.A 0.38 (c) 
.A 0.25 (d) 


,ojL» yjiil eJL* ^ ajL—»- "i! (e) 

C-»J^ aJO ^So' SiUaJt ,_k*J Jii>- ^v* ac jLJ i*~ £\jla <LSb jS aSjA jA ^Joj .35 


•Sj'^ (a) 

J"- ( b ) 
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•Jkji? J**- (c) 
■Jj* (d) 

'*£y- vi' (e) 

Uiaji yo ailLl <u*^J cLj j& 6.02 * 10 33 jj.alp^al 5<XP *36 

•J^ (a) 

.^ail£Jl> (b) 

0^ (c) 

.Jl^y aJuJl* (d) 

p 

.IJbr J>OP (e) 

c.J>bU OU i^bJUjjSf 4v*bi-l 4j>J Ldij .37 

.frUaiJl j o Sill! j y. (a) 

p 

. <~it£*y ^ bU^pl uyaJl APj— J yjj (b) 

* 

. c-il^il A^y- ^ bUlPl u^oJl APj— J yji (C) 
.Oj£ll J aS>JJ jUall ^Ull 4JI (d) 
*j>ry jiP (e) 

3JL£ aL£l 3 y*^>- A^y *38 

jSfl JiJ~l juj JpUJI (a) 

. A*blJrl (b) 

.jyMj JlLL Ailulll (C) 

(d) 

. AlSLi ^JLP AjLJb- (e) 

cJ^LyaJ Ju^wL^Jl ^JLp oLjc^JI l i L,^) 39 
l^L^Uj^uII ^a) 

.£vobjldil (b) 

■t^ J* (c) 

•(J~~L-i)I ^jlp J_^iU (d) 

,at>ut 3jj\j: <j‘\ (e) 

s*= 

ajljJL* c£jL*o ( mil) yJ 1 ojiJJL* .40 

.mm 3 1 (a) 
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.cm 3 1 (b) 
.mm 2 1 (c) 
•cm 2 1 (d) 
•«bUt ijj U gri Vj (e) 

^A 4l!l gj 4**—**. ^ r1 .41 

. aj Jj>^* dT^ (a) 

- “ J -7 1 

.dyci* di^ (b) 


- „ < 

.ayui* <U->JL£ (a) 

- s „ 

4j aycd-* OJlP (e) 

^ldJUbt.42 


,4jUji^ A i l Jp J 4jJj>u^ O 


.a yuL* A^ljP J a O 

- * > - - tf -•» - 

.a 4jJbt* 4^ 


(a) 

(b) 

(c) 

(d) 

.dJb-lj 4jT4^-JLP (e) 

dl>rNl y d.3oil A^OJLi y dc djli J§ (JliJ'yi J-LP .43 

oJkxJl 

.jUill *A>kJxi (a) 
,o»U^li :>JIp JLp jl^u (b) 

•>* (c) 
■^r (d) 

.^Ju (e> 

jJ. 1 0 .v..j jLjJrl tl)J U_ji lJL»j . SjL*.dlj J1,200 J-CcC. 3iLb L* jl^s? v2ll^..o .44 

•erg 20 (a) 

20 (b) 

,£j J> SjliJlj JLt 20 (C) 
.SJUK, fl/jLT 20 (d) 
.J»tj20 (e) 





a—o*Ji .45 

. J j^\ ^tjOiJl i*-i! (a) 

. tsrjtx* ^JaIt 4x0*1 jZ*'• ’ (b) 

.AjJIA jjUlil f. j*/2 ii 4*J^i (C) 

.cj tbj ta t) Jjj bf J5y ^Liil « . j lg. ~ ... j (d) 

•C ji b jU j< c^tj Q i a:.-~ M (e) 
?J_J»i*>l ^ Vj£i, M JLJI ^ .46 

■"/>' ( a ) 
.a*_Ji (b) 

.jjOJI (C) 

.UjOi (d) 

• J> (e) 

jl-lii£. JjJaJb Olikjt L*>l ^xj 4.«fli y}\ U-i JZ~?r ,jOr-_ji j^Joib ^pSTxJl 01 .47 

•>* ( a ) 
.Olplj ji/ 2 (b) 

• Olplj jt (c) 
.Objl j 3 ti/ 2 (d) 

• OUsl j 2n (e) 

a4Ul 5^JlT Ui iji ^ coljLu^l j£ .48 

.4„o»jV' xjiUrl jt- (a) 

•Or*^' ^ Or* (b) 
.aJUJI oVp^JI ^ (c) 
.otiil a™JI aS"^J 4 ^ (d) 
.»bUi Jjj ie if\ (e) 
diffraction £—w .49 

.^axJl 1$.,«ax; oljaJt' .i - w■ '-j' Q..Q ^pLOJ 01 C'o^ (a) 

.S:>U aj ^jiuj L£ (3^**^* 3^^ ^ ^ «✓?^ ^\ ^>*^J (b) 

, a^pLuII aj^o! wL«j( c) 

J! (d) 

.bljjJl J y>- A-J(e) 



(OU-Jrlj 1^.1otlt 


(IC) oljljJl Uas- j)J&3 olj yry .50 
.UjoJI oIjIjJI pLuj (a) 

.pJaJlj cSjau-ydl oljUJl *L-j J (b) 

.aL&aia oU^i ja <P oljijJl U Jif djOi (C) 

. i~L>- JS^ olj j^vll <jy oU L ^ l l j ^y3*| f b j I i^j***^~ (d) 

,»5Ut ijj U JSb (e) 
to j^> ( J-stf>U- aJN-u ^l£JLl jujl^ ^-^Lc .51 

.aJL^JL (a) 
.ip^wJL; ®y£j| (b) 
.^jL*J\j dyJ! (c) 

-Wtfl* «yJi (d) 
.4iliaJ\j d(e) 

^Aaj (3 4Jji^ j3^ d^Lp f.1 jj. P -J ij—-3t- yi .52 

diii ^wb .obi j&\ 

.4^?jSl 1 Ay^jaJtll <Uv?L*Jl (a) 
jLioJl (b) 
•<,^1 ur^"*^ (c) 

.^aalU E jLooIj (d) 

.4*ryA— f-Uai (e) 

s_oU-l job ^ I-l** tUiiil J 6.00 kg '■$■■*- _ - » sis' ,_yU- N 3.00 oli »ji j!,—Ja; .53 

SL^a L. . o.-S'jS" jl j»^- 
. ol«ji*il a 1 a ^ b& JjJl£ 1 (a) 

.m/s 2 0.500 (b) 

.m/s 2 0.667 (c) 

m/s 2 1.50 (d) 

.m/s 2 2.00 (e) 

2Liliil j tjLioll c4-JasMj c4*j*54 

,j\j> M J5bo ajS l sJlp (a) 

Jt 3> ^ 

^ jr ^y* y* (b) 


.*:>Jl£ 





jtP libr y J £> (c) 

.<^Ju ti.*jJl <3 £-tj*«^/t £r* ^ ^y£ (d) 

,A*-\j Hy (J 0 ^*y t$JU* (e) 

j{J <J y: jJlL- ja luj a .'m Adlfa> ^ jiJidl 4iliS" .55 

.jJULJt j jilt jLilt £* U~£p a~-Iw* (a) 

* 

.^ILJt <j jilt jLill ^a b Jb <*^Lw» (b) 

.jJLLJt <3 jilt jLxlt ^y ^A La**-»Li* (C) 

* 

.^JULJt jilt jLdt ^y ^a b(d) 

.viJULJl <3 jilt jLdt ( jJP- jJaJt AIjIj (e) 

^ AJliiL eJL>-lj 51 jj JliiSt ^Jl ^ 3 ^ J^buVyt 5^b*-j .56 

•>>' (a) 

.iJliib jj> (b) 
J/Jl (c) 

(d) 

•J^ 1 (C) 

(jyi\ ,j&j coUjjjjJl (j* a—«J j-uJ' \A\j\y lilhc ,juji ^jO .—>*j £ .57 

flj-A .(_£ 

,<U«jii A^Jij J+&J tit (a) 

.A~*ij jjiaJl 4ilx£ j-^bp (b) 

.Ajiili£- yllij <U«Ai ^aixJl (C) 

. 4jlL^ y Uij j jj^CS- (d) 

. Jj jLuaaoJI \1a 0^4 ot ^jSlc V *;iL>*^* aJI>- (e) 

jt ^jOltAJJjl^ Ax-i*>U c£^l o_^J AJhil iLJrl ^ yiJl Sl^.1 .58 

* 

. aJV-^ flJLtJ IjuU 

\sry Jjb (a) 

( fe ) 


(C) 

cM' <Js^ (d) 

.JUl ^ (e) 





4-JaJ .ac •XfA- A*-wJl l*J Joy di-ft .XgJrl aS~ y jlj tdc y aC A—^s«JJ d\ y>j lil .59 

<4bJ! <>r £\ 
5a*JIj L jJdi V (a) 
ja c jJcS V (b) 

.ac ojlip jlicb ^j}\ ^Ju **yi\ j (c) 

.ac y oJUP ^pCj ^JUi :>:>Jill owaj j j** 5 (d) 

. oL.jl*il J* Oj jit iiy» jjJ LfftvsJ V (e) 

otji iJif- ib/Jj ^_j s LilT jti- iiliS” JbJui ^j&r. .60 

(a) 

.o-L-il (b) 
.ih£jl (c) 

•H-> (d) 

• OjjJi (e) 

c-jltib «uileJ>^ v 5 ill y e J}5> c-oltil ^jpwij .61 


(b) 

•jiui (C) 

(d) 

.-M (CJlp (e) 

^ll jLiit ip yjt j>ipt (Jj <>-^il (Jji? jA L* .MHz 60 ji^tj Os-^. d)t j ~*t .62 

.m/s 10 8 X 3.00 SjjL~* ji~ 1 tUiuJl J 4j~Ja> 

.m 5.0 (a) 

■m 20 (b) 

.m 180 (c) 

.m 10 4 x 1.8 (d) 

.ol*jLiit ojj. ( j r * ^ (c) 

.C35° »jt ji-\ c~itS” 1 »-up jl>- t L~» tbit 5j*^> <3 m 10.00 <ijls ddL. (** u^j—^ 63 

•m 9.985 dJLLJt J> ^Li OlTj ^20° Jl Sjl>l c-^t t JjSll y*iJl oLpL, *Lj( 

Jl tjji (^jt^laii*t J^Uil L* 

.oUjUil ffilfc ( j^» 0-b ^jSvjC ^ (a) 





.1(T 5 /°C (b) 

■ KTV’C (c) 
.0.001/°C (d) 
•0.01/‘C (e) 

t.Ju-XA 01 (j^<L .64 
or* </”■'*• j C-^ r^V (a) 

SjjIjj ^U-j ^ ./ (b) 

.J>.|jJl {j* *~*\J 5jjtjj ^k -- .’ j<d®jy (C) 

(3 OlS^> ^ (d) 

• drjj-i O-^ V (e) 

^Lp S-O’jSlI iiis yj; 0 ^ <j£c„ .65 

* (a) 

■V-UJl obL-Vl Uib (b) 

.^wwo-jJl jUoaj^! dJ-*i (C) 
.5 jlj#u 4 ota.i^j 4 j jJl jLiil (d) 

.dJLuJl ^s*«JlU (^ y^Uail pjssJ-l (e) 

.66 

J*-\ AilUil j (a) 
iilUil j jJu (b) 
.AS'yLl (c) 

.*k£jl j jyu" (d) 
.U* r J\ j jjj (e) 

jj^> a>^ll JiX^l oU lif j^ 1 ) aJUI 4_Url 4 S *—*1 .67 

()Y^I _X rfjyJl 

(a) 

0^ ( b > 

(C) 

^ip dJU*lxi4 (d) 

^ jjlki (e) 





|»->«-* &• * &Lj (3 ^^■^'--<*1 <oU^^*Jl ^jA (^1 .^8 

.ajL^S <Jjv- (a) 

^r (b) 
a-1^- (c) 

•i^- j$> J 3 jr—ij — ; 'y (d) 

(e) 

cLjL ^$5”" pUJ -lp .69 

.oljiil ^Sy JA oUyJjjl ^J_j (a) 
oy*«—^jSn (b) 

.^^Ji tfr*A*J ^P jS/i O'ji J ^ai .J (c) 

.SOjJbr yllaJ (d) 

< 0 ^ 3 ^ (c) 

^-w*3r-' 5O^i tdiJ3^j OLj djl4 _*-jJj |» w r Lj-\J /^SvJ .70 
.^jjii^Jij a?*- ji ^Jjt £^aj 273 jIjLL c , ! (a) 

lj\yi-\ <^rji JiiT iJjJl L*yi7 460 j'-LLc. Ji' (b) 

*> 

. jaJKJL, lj\ JA 4*r Ji£ ijj^\ iJuJl ^ 460 jUix. jjSl (c) 

djljJ-l 4j*r JiC c£^ i-AjJi Lj Jj 460 jUac. (d) 

* 

.jJjsI^JLj 0j\ jJ-I 4j>tJ ic iJlxjl £jA 5 /9 Ljyij (e) 

oli a*JLJ.I 0j^ij .71 

.J*i_/~3 (a) 

,J*iJ-j <A**-j (.UpLL* (b) 
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